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N. the following Treatiſe ; 
| Thave avoided Hypo- 
theſes, and explained 
the Pow which obtain 
in Human Bodies by 
Reaſon and Experiments. Hypo- 


theſes, of whatever Salt] are not 
to be admitted 3 mn Philoſophy. Now 
whatever is not deduced 2 * Phæ- 


nomena, 7s 10 be callel an * 
theſi 1 


Harvey . Experiments and 04. 
 ſervations traced out the Circular Mo 


tion 1 the Blood. After him Lower 


a 2 5 made 


iv PREFACE: 


made ſome farther Diſcoveries con- 
cerning that Motion, and the Canſes 
by which it may be diſturbed. After 


theſe great Men, the Knowledge of 
the Animal Oeconomy received no 
very conſiderable Improvement, til 
Hir Iſaac Newton diſcovered the Cau- © 


Fs of Muſcular Motion, and Secre- 


tion; and hkewiſe furniſhed Materi- 


als for explaining Digeſtion, Nutri- 


tion, and Reſpiration. To Him I am © 
chiefly indebred for what I have de- 


5 ee on rhoſe aa. 
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Th EATI SE 
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” Anda Occonomy. 


N this Treatiſe I ſhall 
give an Account of 
the principal Parts of 
the Auimal Oecono- 
my; which I ſhall ex- 
ita, not by Hypotheſes, but by 
EReaſon and Experiments. The Parts 
Il ſhall treat of, are My/tular Mo- 
tion, the Motion of the Blood, Re- 
Hpiraiam, 5 Deen and Nutrition, 


K ecretion, 


* 


. PER . 2 W 
PP.... · A T0 
2 . A EN gs 


7 a Fluid he moved . 7 1 


* A Treatiſe of the 
_ Secretion, aud the Diſcharges of EHu. 


man Boller. 1 
{ In order to explain the Motion if 1 
Þ the Blood, I ſhall premiſe an A- 
count of. the Motion of Fluids ro, 
_ Cyliudrical Pipes, and prove the _ 
Properties of that Motion by Ex- 
periments. | 
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SECTION L 


Iindrical P; pes. 


Propoſition 1 LEY 


lndrical Pipe 2 2 de of A 85 5 5 


Sort of Matter, by a Force acting con- 
 Rantly and umiformly during the whole 
Time of the Motion; its Velocity y, et- 
ting aſide the Refs ance of the Arr, 
will be in a Ratio compounded of the 
 ſubduplicate Ratio of the moving Force 
dretlh, and whe re et Ratios 
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ANIMAL OE coxomr. wm 


of the Diameter and Length of the 
Pipe talen together inverſiy. If F 
denote the moving Force, D and L 

= the Diameter and Length of the Pipe; 
= 7 ”— that V will be ä to 

| VE 57 


po the whole Motion of the : 


Fluid flowing thro' the Pipe will, 


like all other Motions, be meaſur- 


ed by the Quantity of Matter mo- 

ved 47 its Velocity taken together. 
But the Quantity of Matter moved 
is in a Ratio compounded of the 
Ratios of the Quantity of Matter 
or Weight of Fluid contained in the 


Pipe, of the Velocity wherewith 
the Fluid flows through the Pipe, 


and of the Time of the Motion. For 
the Quantity of Matter or Weight 


of Fluid contained in the Pipe is 


oppoſed to the moving Force du- 
ring the whole Time of its Action, 


and mult be moved by it for every 
—4 in- 


1 4 Treatiſe of the 


indefinitely ſhort Cylinder of Fluid 
diſcharged by the Pipe; that is, as 


often as there are phyſical Points in 


the Length of another Cylindrical _ 


Pipe of an equal Diameter with that 


thro* which the Fluid flows, and 


of ſuch a Length as that it can juſt 
contain the Quantity of Fluid diſ- 
charged in the Time of the Moti- 
on; which Length being as the Ve- 
locity of the Fluid flowing through 
the Pipe and the Time of the Mo- 
tion taken together ; the Quantity 
of Matter moved will be in a Ratio 
compounded of the Ratios of the 
Quantity of Matter or, Weight of 
Fluid contained in the Pipe, of the 
Velocity wherewith it flows thro? 


the Pipe, and of the Time of the 


Motion. And the whole Motior, 
which is as the Quantity of Matter 
moved and its Velocity taken toge- | 


ther, will be in a Ratio compounded | 


of the lim ple Ratios of the Quanti- 
ty 
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ty of Matter or Weight of Fluid 


contained in the pipe, and of the 


Time of the Motion; and of the 


duplicate Ratio of the Velocity: 


Therefore, putting T for the Time 


of the Motion, the whole Motion 


will be as QT V.. 


Setting aſide the Reßiſtance of 


E the Air, this Motion would be pro 


portional to the moving Force Ia 
Lime of its acting taken together; 
that is QT V. would be proportio- 

nal to FT, if the internal Surface 
of the Pipe by Friction, or Attracti- 


on, or both did not act continually 
upon the Fluid moving through 1 


and cauſe a Change in its Modomn 


1 proportional to the Efficacy wher e- 


with it acts; which Efficacy in a 
L Pipe made of a given Sort of Mat- 
ter is meaſured by the Ratio of the 


internal Surface of the Pipe to the 
7 Quantity of Fluid contained in it; 


that is, by DL applied to Q. 


And 


_ l 3 
— ë — 


And by Conſequence = 


„„ Treatiſe of the 
QTIVDL ,, | 


be proportional to FT, and —— 1 
fore V will be Proportional to i 


VE 


i; 1. If the moving Force and 

- Di of the Pipe be both given; 
the Velocity, ſetting aſide the Re- 
 fiſtance of the Air, will be in the 
inverſe. ſubduplicate Ratio of the _ 
Length of the Pipe. If 4 and D ; 


be given; * will be as VL 


Cor. 2. If the moving Force be 
as the Quantity of Fluid contained 


in the Pipe; the Velocity, ſetting 


aſide the Reſiſtance of the Air, will 
be in the ſubduplicate Ratio of the ; 
Diameter of the Pipe and Denfity 
of the Fluid taken together. Put- 
ting 4 for the Denſity of the Fluid, 
if F be as DL; then V vill be as 


Da. 


| Cor © 48 


| 


es 
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- "4 


the Diameter of the Pipe. If F be 


as D'Ls, and be n then * 
vil be as VD. 


iN Cor. 4 © « if he. moviug Force th 
epos to the Square of the 
Diameter of the Pipe, and the 


Length of the Pipe be given; the 
Velsciey, ſetting aſide the Reſiſt- 


: ance of the Air, will be in the ſub- 
Y rice: Ratio of the Diameter of 


the Pipe. If F be as D', and L be 
given; then V will be as D. 


chr. 4 If the moving Force * 


as the Ie of the Diameter of 


Lhe Pipe; the Velocity, ſetting a- 


fide the Reſiſtance of the Air, will 


| 
| 
| 
| 
| 
4 


1 1 If the. moving Force: be = 
'F as the een of Fluid contained 
4 in the Pipe, and the Denſity of the 
9 Fluid be given; the Velocity, ſet- 
dung aſide the Res nac of the Air, 
will be in the ſubduplicate Ratio of 
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be i in a Ratio compotuitled 0 the 
ſubduplicate Ratio of the Diameter 


of the Pipe directly, and the ſubC- 
duplicate Ratio of its Length in- 


5 If F be as 1 D'; AK: vil 17 


be as 4 1 
E. 67 If this moving ite be 9 


as the Capacity of the Pipe, if the 
Diameter of the Pipe be in the ſubC- 
duplicate Ratio of its Length; the 
Velocity, ſetting aſide the Reſiſt- 3 
ance of the Air, will be in the ſub- 
quadruplicate Ratio of the Length 
of the Pipe. If F be as D'L, and D 


| be as VL; then will V be as i 


Cor. 7. The moving Force, ſet- 
ting aſide the Reſiſtance of the Air, 


will be in a Ratio compounded of 
the duplicate Ratio of the Veloci- 
ty, and of the ſimple Ratios of the? 


Diameter and Length of the Pipe. 1 
F will be as V Di 
Proof 


dee 
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" Pro by Experiment 


4 0 prove the Truth of this | 
Propoſition by Experiments, 


11 en ſeveral Cylindrical Pipes 


_ of Bra = C di arent Fang 
; . Lengths, each of which Pipes h ad 
one End fitted to ſcrew into the Side 


of a Veſſel filled with Water at three 


different Diſtances from its Top, 
namely at the Diſtances of one Foot, 
two Feet, and four Feet. The Veſ- 
ſel made for theſe Experiments was 
a ſquare Wooden Veſſel ſomething 
above four Feet in Depth, and nine 

Inches of a London Foot in its inter- 
nal Length and Breadth. 


Before I give an Account of the 


Experiments, it will be neceſlary to 
| ſhew how to meaſure the moving 
Forces and Velocities of Water flow- 
ing thro' Cylindrical Pipes ſcrewed 


3 into 


10 4 T yeatiſe of the 


into the Side of a Veſſel filled with 


0 Water. 


To meaſure the moving Force 


of Water flowing through a Cylin- 3 
drical Pipe ſcrew'd into the Side 
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of a Veſlel filled with Water, we 
muſt know the Area of the Top of x 


the Water in the Veſſel, the Area 


of the Orifice of the pipe, the per- 
pendicular Diſtance of the Place of 


5 the Pipe's Inſertion into the Side of 


the Veſſel from the Top of tile 


Water, and the Situation of the 1 


Pipe with reſpect to the Horizon. 


Let the Area of the Top or up- 1 


per Surface of the Water in the Veſ- 


ſel be called A, the Area of a ole 


made in the Bottom or Side of the | 
Veſſel be called a, and the perpen-„ 


dicular Diſtance of the Place of In- 


ſertion of the Pipe from the Top of ; 


the Water be called H; and then, by _ 
Prop. 3 6.16.2. Princip. Newton, the 2 


| Velocity of the Water flowing out 
— of 


\ ow 


| 
i 


the Space 


q Height is 
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of the Hole, ſetting aſide the Re- 
L ſiſtance of the Air, will be equal LO 
the Velocity which a heavy Body 
would acquire in falling perpendi- 
cularly and without Reſiſtance thro? 


A* H 
Ar 


. And, by the ſecond 


Corollary of the ſame Propoſition, 
the Force generating the whole Mo- 
tion of the effluent Water will be 


equal to the Weight of a Cylinder 


of Water whoſe Bale is 5 parts of 
the Area of the Hole or a, and whoſe 


2A H 
1 


If the Area of the | 


Hole be exceedingly ſmall when 
compared with the Area of the up- 
per Surface of the Water; that is, 
if a be exceeding ſmall when com- 


TAN: 


pared with A the Height 5-— will 
be very nearly equal to 2H]; and by 

| Conſequence the Force generating 
the whole Motion of the effluent 

Water will be very nearly equal to 


B 2 _ the 


„„ Treatiſe of the 


5 the Weight of a Cylinder of Water 
wuhoſe Baſe is =a, and whoſe Height 
is 2H ; that is very nearly equal to 
the Weight of the Cylinder , aH: 
But the Weight of this Cylinder is 
proportional to the \ Weight of the 
Cylinder a H, becauſe* is an invari- _ 
able Quantity: And therefore when 1 
the Area of the Hole is ang ee 
Et ſmall in compariſon of the Area of 
| the Top of the Water, the Force 
| generating the whole Motion of the 
effluent Water will be very nearly 
proportional to the Weight of the 
Cylinder a H. 2 
The Force nnn the Mo- 
tion of Water flowing thro' a Cy- _ 
6 lindrical Pipe ſcrew'd into the Side 
[ of a Veſſel fill'd with Water, and 
| laid parallel to the Horizon, is ſome- 
thing greater than the Force gene- 
rating the Motion of Water flow- _ 
ing through a Hole of a Diameter 
equal to that of the Pipe, and which 
is 


ANIMAL. OEcoxowy. uy 
is placed at an equal Diſtance from 
the Top of the Water; as will ap- 
| pear by conſidering the Nature or 
theſe two Motions. 


In obſerving the Motion of Was 
ter flowing through a Hole made 

in the Side of a Veſſel, we may per- 

5 ceive the Vein not to fill the Hole. 
Sir Jſaac Newton,in determining this 
Motion from Experiments, found 


the Vein, after it had paſſed out of 


the Hole, to grow ſmaller and ſmal- 


ler, till it came to a Diſtance very 
: nearly equal to the Diameter of the 

Hole; at which place he meaſured 
the Diameter ofthe Vein, and found 


| it tobe to the Diameter of the Hole, 


as 21 to 25. The Area of a onal, 
verſe Section of the Vein at that 


Diſtance from the Hole, is to the 
Area of the Hole; as che Square of 


the Diameter of the Vein, to the 
Square of the Diameter of tlie Hole; 
that 1 is, as 12 is to 17 nearly. This 5 


Con- 


| 


14 A Treatiſe of the 


Contraction of the Vein ariſes from 
the Nature of the Motion of the 
Water down the Veſſel: For the 
Water falls down from the Top of 
the Veſſel to the Hole not perpen- 
dicularly but obliquely, its Parts mo- 
ving laterally as well as downwards, 
By this oblique Motion it is, that 
the Column of the deſcending Water 
grows narrower perpetually from 
the Top of the Water to the Hole, 
and to a ſmall Diſtance beyond it; 
and that the Vein does not fill the 
Hole, but falls within it, leaving a 
little empty Space all round. On 
account of this Contraction of the 
Vein leſs Water flows ont, and by 
| Conſequence leſs Motion is gene- 
rated in a given Time, than would 
be produced, if the Diameter of the 
Vein at the Hole was exactly equal 


to the Diameter of the Hole. And 4 


as leſs Motion is generated, fo the 
moving Force is likewiſe leſs; being 
only 


a 
E 
"an 


1 ANIMAL OE cON OV. 8 
only equal to the Weight of a Cy- 
linder of Water whoſe Magnitude | 
is Ball, when the Hole is extreme- 
ly ſmall in compariſon of the up- 
per Surface of the Water; whereas 
it would be equal to the Weight of 
1 a Cylinder of Water whoſe Magni- 
tude is 2aH, if the Vein filled the 
Hole and had no Contraction be- 
1 yond it. And therefore the mo- 
ving Force is leſs than it would be 
il the Vein filled the Hole and had 
no Contraction beyond it, in the 
Proportion of 12 to 17. 


If inſtead of flowing through the 


Hole into the open Air, the Water 
flows through the Hole into a Cy- 
lindrical Pipe and through that in- 
to the Air, and if the Diameter of 
the Hole be equal to that of the _ 
Pipe; the Force generating the Mo- 
tion of the Water flowing through _ 
the Tipe will be different from the 
2 Force | 


16 A Treatiſe of the 


| Water flowing through the Hole. 
[| | Firſt, let us ſuppoſe the Pipe to 


then the Force generating the Mo- 


it will be greater than the Force ge- 


Weight of Warer in the Pipe, and 
the Reſiſtance ariſing from the in- 
ternal Surface of the Pipe, do both 
of them, by acting in kind of Op- 
poſition to the Weight of the de- 
ſcending Cataract in the Veſſel, re- 
tard the Motion of the Cataract, 
and hinder it from flowing ſo faſt 
ll into the Pipe, as it does through 
the Hole into the open Air. And 
by this Oppoſition they make the 
1 Baſe of the Cataract at its Entrance 
into the Pipe to ſpread and grow 
broader, and by Conſequence 
encreaſe the moving Force, and 
N 5 make 


Force generating the Motion of the 


lie parallel to the Horizon; and 
tion of the Water flowing through 


nerating the Motion of the Water f 
flowing through the Hole. For the 


ANIMAL OEConoMyY. 17 


make it greater than the Force ge- 
nerating the Motion of the Water 

flowing through the Hole. Hence 
it is evident, that the moving Force 
will encreaſe, either on encreaſing 
the Length of the Pipe or leſſening 
its Diameter; and will be greateſt, 
when the Pipe is infinitely long or 


infinitely narrow: In which Caſes 


the Baſe of the Cataract at its En- 
trance into the Pipe will exactly fill 
it, and the moving Force will be 


= equal to the Weight of the Cylin- 


1 
| 
„ 
: 
4 
2 


der of Water 2a H; and by Con- 
ſequence will be greater than the 
Peoorce generating the Motion of the 
Water flowing through the Hole, 
in the Proportion of 12 to 17, and 
the Motion generated in the Water 
flowing thro? the Pipe will be great- 
er than the Motion generated in 
the Water flowing thro' the Hole; 
and the Difference of theſe two Mo- 
tions will be greater when the Pipe 


18 


I 8 A Treatiſe of the 


is 1038 or narrow, than when it is 


ſhort or wide. And therefore, if we 
ſuppoſe the Forces generating the 
| Motions of Water flowin through 
Cylindrical Pipes laid parallel to the 
Horizon, to be equal to the Forces 
genen the Motions of Water 


owing through Holes of equal Di- 


ameters, and placed at equal per- 
pendicular Diſtances from the u- 
per Surface of the Water in the Veſ- _ 
ſel, on which Suppolition the Force 
generating the Motion of Water 
flowing through a Pipe Will be pro- 
portional to the Weight of a Cy? 
linder of Water whoſe Magnitude 
is aH, the Motion of the Water flow- 
ing thro a longer or a narrower 
Pipe, when compared with the Mo- 
tion of the Water flowing thro' a 
ſhorter or a wider Pipe, will be found 
by Experiments to be ſomething 


greater than it ought to be on this 
Suppoſition of the moving Force. 
But 


—— 


— — 
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But the Difference will be but ſmall 
in pipes of ſmall Lengths and Dia- 
nmieeters, and therefore in the fol- 
lowing Experiments, when a Pipe lies 
© horizontally, I ſhall ſuppoſe the mo- 
| ving Force to be proportional to the 
Weight of the Cylinder all. 
I)!he moving Force will become 
different when the Pipe is inclined 
to the Horizon. The Weight of 
Water in the Pipe, as far as it en- 
\_ creaſes or leſſens the Motion gene- 
rated by the Force which is propor- 
tional to the Weight of the Cylin- 
der a H, muſt be added to or ſub- 
ducted from that Weight; and the 
Sum or Difference will be proporti- 
onal to the Force generating the 
Motion of the Water flowing thro' 
the Pipe in that inclined Poſition. 
2 The part of the Weight of the 
Water in the Pipe which is te be 
g added to or ſubducted from the 
Þ Weight of the Cylinder aH may be 
„ thus 


3 * 


1 Weight of the Cylin- 


; A Treatiſe of the 


thus determined. Let BD be E ; 


Cylindrical Pipe, lying parallel to 
the Horizon, with its End B inſer- _ 
ted into the Side of che Veſſel a at 
the perpendicular Diſ- 4, 
tance of BA from the _ * ; 
Top of the Water; the 
Force generating the | 
| Motion of the Water | 
flowing thro this Pipe, 
1s proportional to the . 


der axAB, becauſe in ;,\ 
this Caſe Hz is equal to 
AB. Let the Pipe be, 
turned from its hori- 
zontal Poſition, either | 
downwards into the Poſition Bd, | 
or upwards ; into the Poſition Bo, and 


then the moving Force will be 


changed, and be proportional to the 

Weight of the Cylinder axAb in the 
firſt Caſe, and to the Weight of the 
Cylinder a AE in the ſecond. For 
the 


— 7 | 
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the Weight of the Water in the pipe 
Bd encreaſeth the Motion of the 


Water flowing through it, and the 
part of this Weight which is wholly 
ſpent in encreaſing the Motion, is, 

: f. rom the Laws of Motion of Bodies : 


down inclined Planes, the Be = q part 
of the Weight of Water F OHIP 


in the Pipe, or of the Cylinder 


 axBd; and therefore is equal 
to the Weight of the Cylinder 
ax Bb. This Weight added to the 
Weight of the Cylinder a- AB gives 
the Weight of the Cylinder axAb, 
which Weight is the Force genera- 
ting the Motion of the Water flow- 
ing thro the Pipe Bd. The Weight 
of Water in the Pipe B/ leſſens the 
| Motion of the Water flowing thro* 
it, and the part of the Weight which 
is wholly ſpent in leſſening the Mo- 
tion, is the Weight of the Cylinder 
aB a. This Weight ſubducted from 


the 


22 A Treatiſe of the A 
the Weight of the Cylinder axAB, ' 
leaves the Weight of the Cylinder 
ax As, which Weight is the Force 

generating the Motion of the Wa- 
ter flowing through the Pipe By. 
If B be made the Center of a Cir- 
cle, and Bd or By the Radius, Bb 
will be the right Sine of Bdb the 
Angle of Depreſſion of the Pipe be- 
1 low the Plane of the Horizon, and 
Bs will be the right Sine of Bis the 
1 Angle of its Elevation above it. And 
by Conſequence, when the Pipe is 
bi} depreſſed below the Horizon; the 
i moving Force will be proportional 
lll to the Weight of a Cylinder of Wa- 
il ter, of a Baſe equal to the Orthce of 
lil the Pipe, and of a Height equal to 
the Sum of the perpendicular Height 
of the Water in the Veſſel above the 
Place where the Pipe is inſerted and 
the right Sine of the Angle of De- 
preſſion of the Pipe below the Plane 
ofthe Horizon: And when the Pipe 
m7 18 


ANIMAL OEconoMY. 23 


zs elevated above the Horizon, the 


moving Force will be proportional 
to the Weight of a Cylinder of Wa- 
ter, whoſe Baſe is equal to the Ori: 
fice of the Pipe, and whoſe Height 
is equal to the Difference of the per- 
pendicular Height of the Water in 
the Veſſel above the Place of Inſer- 
tion and the right Sine of the An- 
gle of Elevation of the Pipe above 
the Plane of the Horizon. If S de- 
note the right Sine of the Angle in 
which the Pipe is deprefled below _ 
or elevated above the Plane of the 
Horizon, the moving Force will be 
proportional to, the Weight of the 
Cylinder ax H when the Pipe 
is depreſſed below the Horizon, and 
proportional to the Weight of the 
Cylinder ax H- S when it is ele- 
vated above it; and comprehending 
both Caſes in one Expreſſion, the 
moving Force \ will be as ax HTS, 
For as D* * H * very near ly. 


To. 


24 "of Treatiſe f we: 


| To meaſurethe Velocity of Wa- 
ter flowing through a Cylindrica!l 


Pipe ſcrew'd into the Side of a 2 


Veſſel filled with Water. V by 
: this is conn is as Vis or as 


D HTS _ D I 
7 * or as 1 


And therefore /2 2 2 TI: will be 


one Meaſure of the Velocity. Ano- 
ther Meaſure of it may be had from 
Experiments. For the Velocity of 
Water flowing through a Cylin- _ 

drical Pipe, lying either parallel or 
| inclined to the Horizon, is pro- 
portional to the Quantity of Water 
diſcharged in a given Time apply d 

to the Orifice of the Pipe. For che 


Quantity diſcharged in a given 


Time apply'd to the Orifice of the 
Pipe, will give the Length of a Cy- 
lindrical Pipe which can juſt con- 
tain that Quantity ; ; which Length 


is 


. 1 38. 

7 Fa 
. 4 by X 
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ro 
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is the Space that would be deſcri- 
bed in the Time of the Motion by 
aan uniform Velocity, equal to the 
Velocity wherewith the Fluid flows 


Y through the Pipe when the moving _ 


© Force acts conſtantly and uniform- 
ly, as it will do if the Veſſel be kept 
- conſtantly full by pouring in Wa- 
ter very gently at the Top as faſt as 


it runs out of the Pipe. But the Ve- 


locities of all uniform Motions are 
 _ as the Spaces deſcribed in a given 
Time; and by Conſequence, the 
_ _ uniform Velocity wherewith the 
Length of the ſaid Cylinder would 


be deſcribed in the given Time of 
the Motion, will be proportional 
to that Length; and therefore pro- 
portional to the Quantity of Fluid 
diſcharged apply'd to the Orifice 
of the Pipe. Let M denote the 


Quantity of Water diſcharged in 


the given Time of the Motion; and 


then the Velocity V will be propor- 


D tional 


26 
tional to, and conſequently meuſu- 


. red by =; or — becauſe Circles f 


muſt be proportional to 
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TER 


are to one another as the Squares 1 
of their Diameters. ; 


If the Velocity be 7 rightly r ts FE, 
red by this Propoſis Zion; HOY 125 5 XS 


TY 


nearly, as it will appear to be by _ 
the following Experiments, ſetting z 


aſide the Reſiſtance of the Air. 


Tho in this Propoſition I have 
ſet aſide the Reſiſtance given by the 
Air to this Motion, yet it will be 
neceſſary to conſider it, in order 
rightly to underſtand the Diſtur- 
bances in the Motion cauſed by it. 
Water in flowing out of a Pipe into 
the open Air communicates a Mo- 


tion to the Air, and loſes ſo much 


of its own Motion as it communi- 
cates. Now if we — the Mo- 
tion 


very 
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tion communicated to be propor- 


tional to the Square of the Diame- 
ter of the Vein of the effluent Wa- 
ter and the Square of its Velocity, 
taken together; then the Motion 


communicated to the Air, with re- 


Ie 1 


ſpect to the Motion which in the 


ame time would be generated in 


the Water if the Air gave no Re- 
ſiſtance, will be reciprocally as the 
Length of the Pipe. And by Con- 


ſequence, in Pipes of the ſame 


Length, the Motions communica- 


ted to the Air, will on this Suppo- 
ſition be proportional to the Mo- 


tions of the Water which would be 


generated if there was no Air, but 
the Water flow'd out of the Pipes 


into an empty Space perfectly void 


of all Matter. And therefore the 


Reſiſtance of the Air will cauſe no 


Diſturbance in the Proportions of 
the Motions of the Water flowing 


7 l ſuch Pipes. This Suppo- 


D 2 ſition, 
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ſition, that the Veins of the efflu- 


ent Water are reſiſted by the Air in 
Proportion to the Squares of their 
Diameters and the Squares of their 
Velocities taken together, will not 
appear unreaſonable, when we con- 


ſider that ſolid Globes in moving 
through the Air, are reſiſted in that 


Proportion. 


Experiment 1. Three Cylindri- 


cal Pipes, whoſe Lengths were two, A 
four, and eight Feet, and whoſe 


common Diameter was e parts of 


Ioco 


an Inch, were one after another 
ſcrewed into the Side of the Veſlel _ 
at the perpendicular Diſtance of 
four Feet from the Top of the Wa- 
ter, and were laid parallel to the 


Horizon. Theſe three Pipes thus 


ſituated, diſcharged 175, 133, and 
97: Troy Ounces of Water in half 

a Minute. The Pipes having equal _ 
Diameters, the Velocities of the 
Water flowing through them were 


wb,” F 1 * 
/ . 
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i as the Quantities of Water diſchar- 
ged in equal Times; that is, as the 
Numbers x75, 133, and 97:: For 


when D is given, V is as M. By 


by this Propoſit; tion is as 


the other Meaſure of the Velocity 
deduced from this Propoſition, the 
Velocities ought to have been re- 
ciprocally as the Square Roots of 
the Lengths of the Pipes; that is, 
ncarly as the Numbers 20000, 
14142, and 1oOOO. For the pipes 
having equal Diameters, being all 
inſerted into the Side of the Veſſel 
at the ſame perpendicular Diſtance 
from the Top of the Water, and all 
laid parallel to the Horizon; D and 
H were given, and S was a; and 


4 conſequently the Velocity, which 


DS, 
V- 28 


ought in the preſent Caſe to 150 : 


been as 3x - The Velocities from 


this Meaſure are nearly proporti- 
| onal 
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onal to thoſe from Experiments, 
Thoſe from Experiments with re- 
ſpect to theſe, are as the Numbers 
175, 188, 195: whence it appears, 
that the Velocity from Experiment, 
with reſpect to the Velocity expreſ- 
ſed by the other Meaſure, is ſome- 
thing greater in the longer of any 
two of theſe Pipes than in the ſhort- 
er; as it ought to be, from what 
has been ſaid, both on account of 
the Reſiſtance of the Air, and the 
Nature of the moving Force. 


Experiment 2. Three Cylindri- 
cal Pipes of equal Lengths, whoſe 
Diameters were ZZ =» and = parts 
of an Inch, were one after another 


ſcrew'd into the Side of the Veſſel, 


at the perpendicular Diſtance —— 

four Feet from the Top of the Wa- 
ter, and were laid parallel to the 

"Horan: Theſe Pipes thus ſituated 


diſcharged 179, 338, and 6; Oun- 


ces of Water in half a Minute. The 


Your 
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Velocities, found by dividing theſe 
— Quantities by the Squares of the Di- 


ameters of their reſpective Pipes, 


were as the Numbers 1293, 1008, 
and 756. By the other Meaſure 
they ought to have been as the 
Square Roots of the Diameters of the 
Pipes; that is, nearly as the Num- 
bers 193, 136, and 94. For the 
Pipes having equal Lengths, being 
all inſerted into the Side of the Veſ- 
ſel, at the ſame perpendicular Di- 
ſtance from the Top of the Water, 
and being laid parallel to the Ho- 
rizon; L and H were given, and S 
; an D 
WF IF. 


Was 0; - and conſequently 


was in this Caſe as /D. The Ve- 
| locities from this Meaſure are nearly 
proportional to thoſe from Experi- 
ments. Thoſe from Experiments, 
with reſpe& to theſe, are as the 

Numbers 670, 741, 804; whence 
it appears, that the Velocity from 

8 3 Expe- 


| Velocity they ought to have been 
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; Experiment, with reſpect to what 
it ought to be by the Meaſure of 
this Propoſition, is ſomething great- 
er in the narrower of any two of 
theſe Pipes than in the wider; as1 
have ſhewn- it ought to be, from 

the Nature of the moving Force. 


Experiment 3. Two Cylindrical 


Pipes, whoſe Lengths were eight 
Feet and two Feet, and whoſe Dia- 
meters were = ad — parts of an 


1ooo 1000 


Inch, were ſcrew'd into the Side of 
the Veſſel at the perpendicular Di- 
ſtances of four Feet, and one Foot 
from the Top of the Water, and 
were laid parallel to the 1 
"Theſe Pipes thus fixed diſcharged | 

87 and 16 Ounces of Water in half 


a Minute. The Velocities in them, 


found by dividing their Diſcharges 
by the Squares of their Diameters, 
were nearly as the Numbers 73, and 


46. By the other Meaſure of the 


as 
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| as the Square Root of the Diame- 
ters of the Pipes ; that is, nearly | 


x as the Numbers 186 and 134: For 
H and L were each of them 4 in 


the firſt . and 1 in the 
dS was nothing in both; 


and conſequently the Velocity ex- 


preſſed by / D Es, in the pre- 


ſent Caſe, was as vD. The Velo- 
city in the Pipe which was nearer 
to the Top of the Veſſel, was leſs 
than it ought to have been by this 
Meaſure, in the Proportion of 34 
to 39. And in all the Experiments 
I have made upon this Occaſion, I 
have always found -the Velocities 
in the ſame Pipes placed at diffe- 
rent Diſtances from the Top of the 
Water, to be leſs at leſs Diſtances 
' from the Surface than at greater 
with reſpect to what they ought to 
have been by this Propoſition. This 
5 ML - 


34 A Treatiſe of the 


may be owing, partly to a Diſtur- 


bance given to the Motion by the | 
Water which was poured in at the 
Top of the Veſſel in order to keep | 
it conſtantly full; which Diſtur- 
bance being greater at a leſs Diſt- 
ance from ch 
agreater Loſs of Motion: and part- 
ly to the moving Force's being in 
reality ſomething greater at a great- 
er Diſtance from the Top of the 
Water, than it ought to be by the 


e Surface, might cauſe 


Meaſure I have given of it. 


Experiment 4. Two Cylindrical 
Pipes of equal Diameters, and of 
the Lengths x and 4, were one af= | 

ter the other ſcrew'd into the Side 
of the Veſſel at the perpendicular 
Diſtance of four Feet from the Top 
of the Water, and were each of 
them depreſſed in an Angle of 30 
Degrees below the Plane of the Ho- 
rizon. Theſe Pipes thus ſituated 
diſcharged 417 and 251 Ounces of 
TON EO Water 
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1 Water i in half a Minute. The Ve- 
Ilocities in theſe Pipes, on account 
bol their having equal Diameters, 
were as the Quantities diſcharged. 
By the other Meaſure they ought 
to have been as the Numbers 300 
and 173; for D was given be- 
cauſe the Pipes had equal Diame- 
ters, and being both depreſſed be- 
low the Horizon ; the Meaſure of 


hs Velocity "_ 2 in this Caſe 5 


The RR Sie 


of 30 en being equal to half | 
the Radius, S was half a Foot for the | 
ſhorter Pipe, and two Feet for the j 
longer; and H+S was 4: for the | 
firſt, and? or? for the ſecond; or | 
9 for the firſt, and 3 for the ſecond. 
But the Square Roots of 9 and 3 
are as the Numbers 300 and 173, 
which Numbers are nearly in the 
ſame Proportion as the Numbers 
* 2 e 
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41}, and 253; and therefore the 
Velocities were nearly in the ſame | 
Proportion as they ought to have 
been gh this . tion. 


" Propoſition I I. 


FF: F a Fluid flow thre two Syſtems 


of Cylindrical Pipes made of a gi- 


den Sort of Matter, and conſiſting 


each of one Trunk, and the ſame Num- 


ber of Branches arifing from it; if 


the Pipes of the rwo Syſtems have like 


Stations and Capacities, that is, * 


any two correſponding Pipes be fo mi- 


larly ſituated with reſpect to the reſt ; 


of . Pipes, and their Capacities be 
as the Capacities of the whole Syſtems ; 
And F the Forces generating the Ml 


lions in two correſponding Pipes be in 


the ſame Proportion as the whole mov- 
ing Forces of the two Syſtems: 'The 


[elocities in the two correſponding 


Pipes, ſerving aſide the Re ſtance of 


the 
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the Ar, will be in Ratios compound- 
ed of the ſubduplicate Ratios of the 
' whole moving Forces of the two S 
tems directly, and the ſubduplicate Ra- 
rios of the Diameters and Lengths o 7 
the Pipes taken together inverſly. If 
V, v he put for the Velocities in the 
two Pipes; D, d, and L, | for their 
Diameters and Lengths ; and F,f for 
the, whole moving Forces of the zwo 


Syſtems; Ty, that V. ys br. 
Vir — 
For by the Firſt Propeſttia tion, the On 
Velocities in two correſponding . 
Pipes of the two Syſtems, ſetting a- 
fide the Reſiſtance of the Air, are — 
in Ratios compounded of the ſab- _=— 
duplicate Ratios of the Forces ge. 
nerating the Motions in the two I i 
Pipes directly, and the ſubdupli- — 
cate Ratios of the Diameters and | 
\, Lengths of the Pipes inverſly; [| 
But RY Suppoſition the Forces ge- | 
nerating = | 


imerliy. 
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nerating the Motions in the two 
Pipes are in the ſame Proportion 
as the whole moving Forces of the 
two Syſtems, and the Capacities of 
the two Pipes are as the Capacities 
of the two Syſtems: And there- 
fore by Proportion of Equality, the 
Velocities in the two correſpond- 
ing Pipes, ſetting aſide the Reſiſt- 
ance of the Air, will be in Ratios 
compounded of the ſubduplicate 
Ratios of the whole moving For- 
ces of the two Syſtems directly, and 
the ſubduplicate Ratios of the Dia- 


meters and Len gths of the two Pipes 


) 


Poo by EXPERIMENTS. 


E. xperment I. 


Had two Syſtems of Cylindrical 
Pipes made of Braſs, each of 
which conſiſted of a Trunk and two 
Branches, 
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Branches. The larger Branch of 
each Syſtem was a Continuation of 
its Trunk, having an equal Diame- 
og and lying 3 in a right Line with 
it; and the ſmaller Branch of each 

8 an Angle of 30 Degrees with 

the larger. The Trunks and 

Branches of the two Syſtems were 

each of them one Foot in Length; 
the Diameter of the Trunk and lar- 
ger Branch in the greater Syſtem 
was , and the Diameter of the 


10000 


ſmaller Branch 22 parts of an Inch; 
and the Diameter of the Trunk and 
larger Branch in the leſſer Syſtem 
was 27, and the Diameter of the 


Iooo I 


ſmaller Branch = parts of an Inch. 
The Trunks of the two Syſtems 
were ſucceſſively ſcrew'd into the 
Side of the Veſſel at the perpendi- 
cular Diſtance of four Feet from the 
Top of the Water, and were turned 
till their Branches lay parallel to 

2 the Horizon, In this Situation, the 
Branches 
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> Branches of the greater Syſtem diſ- 
charged 1691 and 20, and the 


Branches of The lefler 30; and 4 


Ounces of Water in half 410g 
The Velocities in the Trunks and 
Branches of theſe Syſtems, found by 
dividing the Quantities which flow'd 
through them in a given Time by 
the Squares of their reſpective 5 = 
meters, were as the Numbers 1592, 


1424, and 571 in the Trunk and f 


Branches of the greater Syſtem; and 
as the Numbers 979, 865, and 5oo 
in the Trunk and Branches of the 
leſſer. The Quantities of Water 
contained in theſe two Syſtems, were 
as the Numbers 273 and 78; as J 
found by multiplying the Squares 
of the Diameters of the ſeveral Pipes 
into their Lengths, and then adding 
the Products of each Syſtem into 
one Sum. Since all the Pipes of the 
two Syſtems were at the ſame per- 


pendicular Diſtance from the Top 
of 


| Animas, OEcononr. 4x 
of the Water, and lay parallel to 


the Horizon, in which Poſition the 


| Weights of Fluid contained in the 
Pibes made no part of the For- 
o the Motions of the 


ces generating 


Water flowing thro' them, the For- 
ces generating the Motions in the 
Trunks and correſponding Branch- 

P their Di- 
ameters, or as the Quantities of 
Water contained in them, becauſe 
they all had the ſame Length. And 
therefore had theſe two Syſtems 
been truly made, ſo as to have had 
the Conditions required in the Pro- 
poſition, that is, had the Quantities 
of Water contained in the Trunks 
and correſponding Branches been 
exactly proportional to the whole 
Quantities of Water contained in 


es, were as the Squares o 


the two Syſtems ; the Velocities in 
thoſe Pipes, ſetting aſide the Reſiſt- 


| anceof the Air, ought to have been 
in the ſubduplicate Ratios of their 


F Dis 


which agrees with w | 
ready ſhewn both from Experiments | 
and Rab, namely, that in Pipes 
of different Diameters but equal 


42 4 T. reatiſe of the 


Diameters directly. But the Ca- 
pacity of the leſſer Branch of the 
greater Syſtem compared with the 
Capacity of that Syſtem, was great- 
er than the Capacity of the leſ= 


ſer Branch of the leſſer Sy ſtem 


compared with the Capacity of 


its Syſtem, in the Proportion of 


128 to 103. The Velocity by 
Experiment in the leſſer Branch of 


the greater Syſtem compared with 


the Velocity by the Theory, was 


leſs than it would have been had 
the Branch been truly conſtructed ; 
fa I have al- 


Lengths the Velocity by Experi- 
ment compared with the Velocity 
by the Theory, is always greateſt in 


the narroweſt Pipes. The Velocity 


by Experiment with reſpe& to the 
9 meaſured by the Square 
Root 
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Root of the Diameter of the Pipe, 


Was leſs in the ſmaller Branch of 
the greater Syſtem than i in the ſmal- 
ler Branch of the leſſer Syſtem, in 
55 Proportion of 21 to 26. As 
the Capacity of the ſmaller Branch 
with reſpec to the Capacity of the 
Syſtem, was ſomething greater in 

the greater Syſtem than in the leſ- 


ſer; ſo the Capacity of the Trunk 


or larger Branch with reſpect to 
the Capacity of the Syſtem, was on 
the contrary ſomething leſs in the 
greater Syſtem than in the leſſer; 
and by Conſequence, from What | 
has been ſaid concerning the Na- 


ture of the moving Force, the Ve- 


locity by Experiment with reſpect 
to the Velocity meaſured by the 
Square Root of the Diameter % the 


Pipe, was greater in the Trunk and 


larger Branch of the greater Syſtem 
than it was in the Trunk and lar- 
ger Branch of the lefler; In the 
F 3 Trunk 
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Trunk it was greater in the Pro- : 
portion of 86 to 72, and in the 


Branch it was greater in the Pro- 


portion of 76 to 63. Theſe De- 
viations of the Theory from Expe- 


1 arè not Objections againſt 
"har rather Arguments of its 


Tiuth; ſince they all ariſe, and may 
be accounted for, from the Syſtems 
not having exactly the Conditions 
required i in this Propoſition. 


Experiment II. Two Syſtems of 


| Cylindrical Pipes, the leſſer of which 
was the greater of the two Syſtems 
_ uſed in the laſt Experiment, and the 
greater a Syſtem four times as great, 

its Trunk and Branches having the 


ſameDiameters, and being four times 
as lon gas the Trunk and Branches of 


the leſſer, had their Trunks ſucceſ- 
ſively ſcrew'd into the Side of the 


Veſſel at the perpendicular Diſtance 


of four Feet from the Top of the 
Water, and had both their Trunks 


-and--- 
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and Branches laid parallel to the Ho- 
rizon: In this Poſition the Branches 
of the greater Syſtem diſcharged 
90}, and 131; and the Branches 
of the leſſer 169, and 20 Ounces 
of Water in half a Minute. The 
Diameters of the Trunks and cor- 
reſponding Branches of the two Sy 1 
tems being equal; the Velocities in 
thoſe Pipes were as the Quantities 
of Water which flow'd thro' them 
in a given Time, that is, as the 
Numbers 1041, 901, 13: in the 


Trunk and Branches of the great- 


er Syſtem; and as the Numbers 
189%, 1691, 20 in the Trunk and 
Branches of the leſſer. The Dia- 
meters of the correſponding Pipes 
of the two Syſtems being equal, the 


Pipes lying parallel to the Horizon, 


and at the ſame perpendicular Dil | 


trance from the Top of the Water; 


the moving Forces of the two Syl- 


tems were equal, as were the mo- 


ving 


. ＋ 222 my . 


ving Forces of any two of their cor- 
reſponding Pipes; and the Quanti- 
ties of Water contained in the Sy. 
tems were as the Quantities contain- 
ed in their Trunks, or in any two of 
their correſgonding Branches, which 
Quantities were as the Lengths of 
thoſe Pipes, their Diameters being 
equal; and therefore by this Propo- 
| ſition, the Velocities in the correſ- 


ponding Pipes of the Syſtems ought | 


to have been in the ſubduplicate Ra- 
tios of the Lengths of thoſe Pipes, 
that is, they ought to have been 
twice as great in the Trunk and 
Branches of the ſhorter Syſtem as 
in the Trunk and correſponding 


Branches of the longer, as they | 


nearly were; only they were ſome- 
thing greater than they ought to 
have been in the longer Syſtem, 
from a leſs Reſiſtance of 1 Air, 
and from the Nature of the moy- 
ing Force, which from what has 
been 
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been faid concerning its Meaſure, 
was ſomething greater in the lon ger | 


Syſtem than in the ſhorter. 


Experiment III. I placed the two 
Syſtems, uſedin the laſt Experiment, 
at different perpendicular Diſtances 
from the Top of the Water with 
their Trunks and Branches parallel 
to the Horizon; and always found 
the Velocities in the Trunk and 
Branches of each Syſtem to be near- 
ly in the ſubduplicate Ratios of the 
perpendicular Diſtances of the Syſ- 
tem from the Top of the Water; on- 
ly at leſs Diſtances they were 8 


thing leſs than they ought to have 


been by this Meaſure, for the Rea- 


ſons aſſigned in the third Experi- 
ment of the firſt Propoſition. 


Experiment IV. The two Syſtems 


uſed 1 in the ſecond and third Expe- 


riments, were one after the other 
| ſcrew'd into the Side of the Veſſel 
at different perpendicular Diſtances 


from 
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from the Top of the Water, the leſſer 
at the Diſtance of one Foot, and the 
greater at the Diſtance of four Feet, 
and were turned till the JefſerBranch ; 
of each Syſtem was depreſſed in an 
Angle of 3oDegrees below the Plane 
of the Horizon, while the Trunk 
and larger Branch of each Syſtem 
lay parallel to it: The Syſtems be- 
ing thus ſituated, the a ot: - i 
the greater Syſtem diſcharged 891, 
173; and the Branches of thelefler | 
79, 13: Ounces of Water in half a 
Minute. The Diameters of the cor- 
reſponding Pipes being equal ; the 
| Velocities in them were as the 
Quantities of Water which flowed 
through them in the given Time 
of the Motion, that is, as 2063, 
89:, 175 in the Trunk and Branch- 
es of the greater Syſtem; and as 924, 
79, 135 in the Trunk and Branch- 
es of the leſſer. The Diameters of 
the correſpondingPipes being equal 
| an 
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and the Forces generating the Mo- 


tions in thoſe Pipes being nearly 


proportional to the Quantities of 


Water contained in them, and the 


whole moving Forces of the two 
Syſtems being nearly proportional 


to their whole Quantities of Fluid; 


the Velocities in the correſponding 
Pipes ought to have been equal by 
this Propoſition. "The Differences 
were not great, and probably aroſe 
| chiefly from the leſſer Syſtem being 


placed nearer to the Top of the 
Water than the greater. 


— IDO Dee e e e DESI 


Propoſition III. 


given Sort of Mane, and conſiſting 
each of two Trunks, and the ſame 
Number of Branches ſimilar in their 
Situatious and Capacities, that 1 of 

G any 


F a Fluid flow thro two Syſtems 
of Cylindrical Pipes made. of a 
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| any two correſponding Pipes be fimi- 
larly ſituated with reſpect zo the ref 
of he Pipes, and their Capacities be - 


i: the Capacities of their whole 


tems, if in each Syſtem the laſt foo 1 


ſmalleſt Branches of the two Trunks 
be continuous, and if the Forces ge- 
nerating the Motions in any two cor 
reſponding Pipes be in the ſame Pro- 
portion as the whole moving Forces 
of the two Syſtems ; The Velocities in 
two correſponding Pipes, ſetting aſide 
the Reſiſtance of the Air, will be in 
Ratios compounded of the ſubdupli- | 
cate Rats of the whole moving For- 
ces of the two Oy/tems areftly, ane 
the ſubduplicate Natios of ae Dia- 
meters and Lengths of the Pipes | 
talen _ „ J that is, 


V. * 5 = 


For wah the Fi Propoſit Zion, the 
Velocities in two correſponding 
Pipes 


Ax IMAL OEconomy. 51 
Pipes of the two Syſtems, ſetting 
aſide the Reſiſtance of the Air, are 
in Ratios compounded of the ſub- 

duplicate Ratios of the Forces ge- 
nerating the Motions in the two 

Pipes Fredtly, and the ſubdupli- 

cate Ratios of the Diameters and 
Lengths of the Pipes taken toge- 
ther inverſly : But by Suppoſition, 
the Forces generating the Motions 
in two correſponding Pipes, are as 
the whole moving Forces of the two = 
Syſtems, and the Capacities of two 
correſponding Pipes, as the whole 

Capacities of the two Syſtems : And 

therefore by Proportion of _ 

ty, the Velocities in two correſpon- 
ding Pipes, ſetting aſide the Reſiſt- 
ance of the Air, will be in Ratios 


compounded of the ſubduplicate 


| Ratios of the whole moving Forces 
of the two Syſtems directly, and the 
ſubduplicate Ratios of the Diame- 
G Cs „ hers. 
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ters and Lengths of the two Pipes 
| taken together inverſly. x 


Er oi BI SO BE We 


Proor by ExyrnmuenTs, 


"TO examine the Truth of this 
I Propoſition by Experiments, I 
got made of Braſs two ſuch Syſtems 
of Cylindrical Pipes as are repreſen- 
ted in theſe Figures. Each Syſtem 
_ conſiſted of two Trunks and five 
Branches all lying in one and the 
ſame Plane. The Trunks and 
Branches of each had equal Dia- 
meters and Lengths. The com- 
mon Diameter of the Trunks and 
Branches of the greater Syſtem, was 
d; and the common Diameter of 
the Trunks and Branches of the lef- 
ſer Syſtem, was = parts of an Inch. 
The common Length of the Trunks 
and Branches of the greater Syſtem, 
was half a Foot; and the common 
Length 


$ 
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Length of the Trunks and Branches 


of the leſſer, three Inches. The 


Trunks of each Syſtem opened into 
the Branches, through two triangu- 
lar Spaces which were each three 
Inches long in the greater Syſtem 
and an inch 
ſer; and their Capacities were nearly 
in the ſame Proportion as the Capa- 
cities of their Trunks or Branches, 
that is, in the Proportion of 87 to 


and a half in the leſ- 


10. When the Ends F and f were 
ſcrew'd into the Side of the Veſſel 


at the perpendicular Diſtance of four 
Feet from the Top of the Water, 
and were turned till their Branches 


lay parallel to the Horizon ; their 


other Ends G and g diſcharged 36 


and 8: Ounces of Water in half a 


Minute. The Velocities in the 


Trunks, found by dividing the Diſ- 


Charges by the Squares of their Dia- 


meters, were as the Numbers 26 
and 25 nearly. And the Veloci- 
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ties by this Propoſition ought to have 
been as the Numbers 96: and 95, 

 whichare proportional to the Num- 
bers 26 and 25 very nearly. And 
ſince the Syſtems were ſimilar, and 
ſimilarly ſituated, no Doubt can be 
made, but that the Velocities in 
correſponding Branches were like- 
wiſe in the ſame Proportion. 


2 * 2 N * * p 4 . 4 _y 


Propoſition IV. 


VV aFlud flowthro two compound- 
 *® edSyſtemsof Cylindrical Pipes, con- 
ſifting each of two Cylindrical Trunks, 
and the ſame Number of ſmaller Si- 
ems, like thoſe deſcribed in the laſt Pro- 
poſition, he Trunks of which ſmaller _ 
Syſtems open into their reſpe Toe ge 
cipal Trunks of the compounded Sy{t- 
ems, i all the correſponding Pipes of 
the compounded Syſtems have like Sttu- 
ations and Capacities, that is, if any 


m 


two, correſponding Pipes be ſimilarly 


fttuated with reſpect to the reſt of the 
Pipes, and their Capacities he in the 


ſame Proportion as the whole Capacities 


of the compounded Syſtems, and if the 
Forces generating the Motions. in two 
correſponding Pipes be as the whole mo- 


wing Forces of the two compounded h 
tems; the Lelocities in two correſpond- 


ing Pipes, ſetting aſide the Reſiſtauce 
of the Air, will be in Ratios compound 


ed of the ſubduplicate Ratios of the 


whole moving Forces of the two com- 
pounded Syſtems directly, and the ſub- 

R duplicate Ratios of the Diameters aud 

| Lengths of the Pipes taken together 


averfly, that is, V. v:: VS. 


JL 


The Demonſtration of this Pro- 


poſition is the ſame with that of 


the laſt, and therefore need not be 


| repeated. 


Cor. 


| 
: 
| 
' 
i 
4 
| 
| 
| 
| 
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= Cir. 1. If the whole moving For- 
ces of the two compounded Syſtems 
be as the Capacities of the Syſtems, 
and conſequently as the Capacities 
of two correſponding Pipes; the 


Velocities in thoſe. Pipes, ſetting 
aſide the Reſiſtance of the Air, will 


be in the ſubduplicate Ratios of the 
Diameters of the Pipes. If F. f:: D*L. 
#1; then will V. rb. d. 


Cor. 2. If the whole moving For- 


ces of the two compounded Syſteme 
be as the Capacities of the Syſtems, 
alid conſequently as the Capacities 
of two correſponding Pipes, and the 
Diameters of the correlponding 
Pipes be in the ſubduplicate Ratios 
of their Lengths, or of the Lengths 
of the Syſtems; the Velocities in 
correſponding Pipes, ſetting aſide 
the Reſiſtance of the Air, will be 
in the ſubquadruplicate Ratios of 


the Lengths of the Syſtems. If 
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F. f. D; L. dl, and D. d: L. v1; | 


; then vill V. 35 . F. 


Or. 3. If the whole moving For- 
ces of the two compounded Syſtems 


4 be as the = Power of the Capaci- 


ties of the Syſtems, and conſequent- 
N ly as the = Power of the Capaci- 

ties of two correſponding Pipes, and 

the Diameters of the Pipes be as the 


| « Power of their Lengths, or as the 


2 Power of the Lengths of the Syſ= 
tems; the Velocities in two corre- 
| ſponding Pipes, ſetting aſide the Re- 
ſiſtance of the Air, will be in the 


nr Power of the Lengths 


of the Syſtems. If F. f:: D* L”. 1 5 


and D. d:: L'. I'; then will V. v: 


8 zum mn 3 | 


Cor. 4. The whole moving For- 
c˙ͤtces of the two compounded Syſtems 
are in Ratios compounded of the 
H duplicate 
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duplicate Ratios of the Velocities 


in two correſponding Pipes, and the 


ſimple Ratios of their Diameters and 


Lengehs, that is, F. f V*DL. 
Ch dl. | | 


: Scholium. 
This Propoft tion will hold true, if 


the two Syſtems be made of Coni- 


cal Pipes _ in their Capacities | 


and Lengt s to the Cylindrical 
ones, and fo conſtructed, as that 
the greateſt or leaſt 8 of 
two correſponding Conical Pipes 
ſhall every where bear the ſame Pro- 


portion to each other, as the Dia- 
meters of the two Cylindrical Pipes 


which are equal to them. 


Pro- 
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VVV 
De e del e e e. 
Propoſition V. Problem L 


Bl * E Velocity of a F Inid moving 

1 through a Cylindrical Pipe of 
4 given Diameter and Length and 
the Force generating the Motion be- 
ing given; to determine the Velocities | 
generated by an equal Force in the 


. ſeveral Parts of a Syſtem like one of 


| the Syſtems deſcribed in the Third 
ö Propoſition, which Syſtem conſiſts of 
ivo given Cylindrical Trunks and a 


gen Number of Cylindrical Branch- 


es mio which the two Trunks open, 


The two Forces generating the 


. Motions i in the Cylindrical Pipe and 


in this Syſtem being equal by Sup- 
| poſition; their Meaſures will like- 
| wiſe be equal, which Meaſures may 
be had from Cor. 7. Prop. I. For the 
Force generating the whole Motion 

H. 2 01 
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ofthe Syſtem, is the Sum of the For- 
ces generating the Motions in all | 
its Parts; and the Meaſures of the | 
Forces generating the Motions in | 
the ſeveral Parts of the Syſtem, may 
be expreſſed by that Corollary. Put- | 


ting L for the Length of the Cy- 


lindrical Pipe, D for its Diameter, 
V for the Velocity of the Fluid mo- 
ving through it; J for the Length | 
of that Trunk through which the | 
Fluid flows into the Syſtem, d for 
its Diameter, and x for the Veloci- 

ty of the Fluid flowing through it; 
A for the mean Length of the 


Branches, & for the Diameter of a 


5 Cylinder wh oſe Length is that mean 


Length, and whoſe Orifice is equal 


to the Sum of the Orifices of all the 
Branches; for the Length of the 
other Cylindrical Trunk, and s for 
its Diameter : the Meefare of the 
Force generating the Motion of the 


Fluid en thro the Cylindrical 
Pipe 
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Pipe is VD L; and the Meaſure 
of the Force generating the Motion 

in that Trunk through which the 
Fluid flows into the Syſtem is xXx dl: 


The mean Velocity in the Branches, 


is to x the Velocity in that Trunk, 


as d', is to A, becauſe the Veloci- 


ties of the ſame Quantity of Fluid 
flowing through two Cylindrical 
Pipes in the ſame time, are recipro- 
cally proportional to the Squares of 
their Diameters ; whence the mean 


Þ - 


Velocity in the Branches is = and 


the Meaſure of the Force generat- 


ing the Motion in the Branches ta- 
oY 1 


—: By the 


8 


ken all together, is 


ſame Reaſoning the Velocity in the 


other Trunk thro' which the Fluid 
gener . 


flows out of the Syſtem, is —-5 and 


the Meaſure of the Force generating 


the Motion of the Water flowing 
Ir _ thro? 


* 
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4 chro? it, is EEK But the Sum of 


* 


the Forces generating the Motions 

in all the Parts of the Syſtem, is by 
Suppoſition equal to the Force ge- 
nerating the Motion in the Cylin- 
drical Pipe; and by Conſequence, 


Nc 4 xX* da 


| * dl + + BEA. Ve D L, 


ä 


To 


whence x is equal to 4 d IT dA wn 278 


A” H 


If chis Value of x be ſubſtituted 


x d* 
- its Room i in , the Meaſure E 


2 


| the mean Velocity i in the Wanch- 


d* 


; that Meaſure will become 
V DL EO: 


/ ET Ad £ 


FAY, 93 


11 the ſaid Value of) X be fabſti- 


tuted in its Room i in = 2 the Mea- 
ſure of the Velocity in the other 


T runk ; 


& 
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Fray that Meaſure "_ become 

TDL 

75 ire IT oY 4 
* 85 * 


r. 1 If the Capacity of the 
| Branches be enlarged by an Enlarge- 


ment of their Diameters or an En- 


creaſe of their Number, that is, if 
A be encreaſed, all other Things 
continuing the fame ; the Veloci- 
ties generated by a given Force, will 
be greater in the Trunks and leſs 
in the Branches than they were be- 
fore this Change happened in the 
Capacity of the Branches. 


Cor. 2. If the Capacity of the 
Branches be leſſened by a Contra- 
ction of their Diameters or a De- 
creaſe of their Number, that is, if 
be diminiſhed, all other Things 
continuing the ſame; the Veloci- 
ties generated by a given Force, will 
be leſs i in the Trunks and greater 

in 
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:- ha Branches than they wi were be- 


fore this Change was made i in the 
: Capacity of the Branches. N 


Cor. 3 If the two Trunks of the 

Syſtem he given; the Velocities ge- 
nerated by a given Force, vill be 
greateſt 1 in the Trunks and: leaſt in 


” the Branches when A is infinite, in 
which Caſe the Term >” will va- 
niſh or become i; The Ve- 
locity in the Trunk through which | 
the Fluid flows into the Syſtem will | 
= r. 0 = 
be 2 did: The Velocity i in the 
=o 77 
Branches will be infinitely little: 
And bee in the other Trunk 
„ VDI 
wil be OTF 
75 


Cor. 4. If the Velocity in 1 
given Cylindrical Pipe be equal on 
the 
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the Velocity in that Trunk thro⸗ 
VuVlhich the Fluid flows into the Syſ- 
tem, that is, if V be equal to x, 
and conſequently V' equal to x, 
and if the Diameter of the given 7 
| Cylindrical Pipe, be equal to the 

Diameter of that Trunk through 

which the Fluid flows into the Syſ- 


tem, that is, if D be equal to T, 


| then the Length of the Cylindrical 


Pipe or L, will be equal to 1 += wi 2 
d 


8 If the Branches taken to- 
gether, be wider than either of the 
Trunks; the mean Velocity in them 


will be leſs than it is in the Trunks: 
and if one Trunk be wider than the 


other; the Velocity will be as much 


leſs as che Trunk i is wider, 


[ = PRrooF 


—— —2—— — — 
— . — 


o 
— . > er ve} — I O92 Bucs — — „ -—cd * 5 * 
. ———. ye nn nee ” it — AJ Z == : —- * - Am — £ by 
—— ee <Q. co aye de __— x - — - - —————— -» - 0 —— 8 
— EZ ED EY ES — —— FED WIFI 2 . 8 r — * > 
: {1 
. 


2 FG 


* . —— — — — — — S x == 
ET 4 — . > —. — 


— 
= — CC — 
— — — — —ꝛ——— 


— — — 


j\ 


66 A Treatiſe of the 
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PROOF 5 EXPERIMENTS. 


HE greater of the Syſtems 
which were made for the 


5 Proof of the Third Propoſition, was 

ſcrewed into the Veſſel at the per- |} 
pendicular Diſtance of four Feet 
from the Top of the Water, and 
Vas turned till its Branches were pa- 
rallel to the Horizon. The Branch- 
es of this Syſtem were ſo contrived, 


that their Ends next to the Veſſel : 


could be opened or ſhut by little 


Braſs Sliders fixed to the Plate thro! | 
which thoſe Pipes paſſed, which 5 | 


_ Sliders being moved up or down, 


opened or ſhut the Ends of the 


Branches. This Syſtem being thus 
ſituated, when the Branch C only 
was open ; the Trunk G diſcharged 
* Ounces of Water 1 in half a Mi- 
nute ; 
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nute: When the three Branches b, 
c, d were open, it diſcharged 36 
* Ounces: And when all the five 
Branches were open, it diſcharged 
361 Ounces in the ſame Time. The 
Velocities in the two equal Trunks, 


were as the Quantities diſcharged. 


When one Branch only was open, 

the Velocity in that Branch, was e- 
qual to the Velocity in the Trunk ; . 
and therefore the Velocity in the 
Branch C, when the reſt of the 


Branches were ſhut, was as 29%. The 
mean Velocity in the three * 


es, found by applying 36 to 3 the 
Bum of their Orifices, the Orifice of 
each of the Trunks being I, Was as 
12: and the Velocity in the five 


Branches, when they were all open, 


uns by dividing 36; by 5, was as 

Theſe were the true Veloci- 
ties in the Trunks and Branches in 
theſe three Experiments. I ſhall 


F 
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now. ſhew what they ought to have 
been by this Problem. ; 

The two Trunks and Branch © 
taken together, may be conſidered 
as one Cylindrical Pipe; and there- 

fore may repreſent the given Cy- 

lindrical Pipe in this 1 in 
which the Velocity V is as 

The Trunks and Branches of 1455 
Syſtem having all equal Diameters, 

D, d, and were equal. The Lengths . 
of the two Trunks were equal, and 

when added together, their Sum 


was equal to the Length of the 


Branches added to the Lengths of 
the two trian gular Spaces into which 
they opened; therefore | was equal 
toa, and 1 +a equal to A if the 
triangular Spaces be conſidered as 
Parts of the Branches, on which 
Suppoſition L was equal tol+a + A; 

and by Conſequence equal to two 
Feet; for 1 and a were each half a 
Foot, and A one Foot, The Velo- 
city : 


L. 
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city in the Trunks, d being 1, will 


47455 


be expreſſed by V33S 5 


fore when three Branches were o- 
pen, and by Conſequence A equal 
to y3; the Velocity ought to have 
been nearly as 38: And nearly as 
40; when all five were open, and & 


equal to V5. 


The S in this Branches = 
772 | 
N = ought to 


have been 123 „when ow Branches 
were open; and 8, when all five were 
open. The near A greement of theſe 
Velocities with thoſe from Experi- 
ments, ſhews the Velocities in the 
Trunks and Branches of this Syſtem 
ro be rightly determined by this 


| expreſſed by © 


A* 


Problem. 


there- 


Pro- 


—— — — RA ram — » * — 
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S e ee ele Dec 
Propoſition VI. 


F 4 Fluid flow through a ſample : 
Syſtem of Cylindrical Pipes, con- 
7 ting of one Trunk and a certain 
Number of Branches; the Velocity in 
any Pipe will be greater or leſs, as 
the moving Force of the Syſtem is 
greater or leſs, as the Pipe is wider 
or narrower, ſhorter or longer, near- 
er t0 or farther from the moving 
Force, as the Weight of Fluid in the 

8 Pipe conſpires with or oppoſes its Mo- 
tion, or as any of the other Pipes of 


the Sy/rem 7 7s fengthened or en 


That the Velocity in any pipe 
of this Syſtem is greater or leſs, as 
the moving Force of the Syſtem i is 
greater or leſs, as the Pipe is wider 
or narrower, ſhorter or longer, or 
as the Weight of Fluid contained in 


the 
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the Pipe conſpires with or oppoſes 
its Motion; has been fully proved 

in the foregoing Propoſitions. And 

that the Velocity is greater or leſs, 
zs the Pipe is nearer to or farther 

from the moving Force, may be thus 
proved. From the Nature of this 


Motion, the whole moving Force is 


reſiſted by the Quantity of Fluid 
| contained in the whole Syſtem: And 


that part of this Force which moves 
the Fluid through any Pipe, is re- 


ſiſted by the Quantity of Fluid in 
that part of the Syſtem which lies 


before it ; the Reſiſtance there- 
fore will be greater or leſs, as a Pipe 
is nearer to or farther from the mo- 
ving Force: But as the Reſiſtance 


is greater or leſs, the Preſſure of 


the moving Fluid againſt the Ori- 
fice of the Pipe, and conſequently 
the Velocity in the Pipe, is greater 


or leſs; and therefore, ceteris pa- 


ribus, the Velocity in a Pipe is 
l greater 


[i 
þ 
1 
i 
4 
il 
| 
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greater or leſs, as it is nearer to or 
farther from the moving Force. 
Laſtly, the Velocity in a Pipe will 
be greater or leſs, ceteris paribus, 
as any of the other Pipes of the Sy- 
ſtem is lengthened or ſhortened: 


For by lengthening or ſhortening 8 


Pipe, the Reſiſtance given by the 
Fluid contained in it to that part 
of the moving Force of the Syſtem 
which is ſpent on that Pipe, becomes 5 


greater or leſs than it was before: 


But a greater or leſsRefiſtance makes 


the moving Force to act more or 
leſs powerfully on the other Pipes, 


and encreaſes or leſſens the Velo- 
cities in them: And therefore the 
Velocity in a pipe will be encreaſed 
or leſſened, cæteris paribus, as any 
of the other Pipes is lengthened | or 
ſhortened. 


PRoor 
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S — — — — 5 


Pxoor by EXPERIMENTS. 


T HAT the Velocity in a Pipe — 
of this Syſtem is greater or 
leſs, as the moving Force of the 
Syſtem is greater or leſs, or as the 
Weight of Fluid contained in it 
con pires with or oppoſes its Mo- 
tion, as the Pipe is wider or nar- 
rower, ſhorter or longer, is fully 
proved by the Experiments of the 

_ foregoing Propoſits tions. And that 
the Velocity is greater or leſs as 
the Pipe is nearer to or farther from 


the moving Force, or as any other 
Pipe of the Syſtem | is lengthened or 
ſhortened, will appear from the fol- 
lowing Experiments. 


A Syſtem of Cylindrical pipes 


conſiſted of a Trunk, and three 


Branches of equal Diameters and 
Lengths; the Branches lay all in 
K 


the 
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the ſamePlane, and were placed at 
the Diſtances of four, nine, and ſix- 
teen Feet from the moving Force of 
the Syſtem, or that End of the 

Trunk which was ſcrewed into the 


Side of the Veſſel. The Branches, 
beginning with that which lay near- 


eſt to the moving Force, diſchar- 
ged in the ſame Time Quantities 


of Water, which were as the Num 
bers 9, 6, and 5. The Branches 
having equal 8 the Velo- 
cities in them were as the Quanti- 
ties diſcharged; and therefore, the 
Velocity i in a Pipe 1s greater or leſs, 
cæteris paribus, as the Pipe is near- 
er to or farther from the moving 
Force. 


A given 3 at the Diftence 


of one Foot from the moving Force 


diſcharged 20 Ounces of Water in 
half a Minute, when the Length of - 


the Trunk was two Feet; and 36 
Ounces in the ſame Time, when the 


Length 
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Length of the Trunk was encrea(- | 
ed to eight Feet, And the ſame | 
Change of Velocity, but in a leſs 
| Degree, was produced by lengthen- 

ing any of the other Branches; and 
therefore, the Velocity in a oiven 
Pipe will be greater or leſs, ceteris 
paribus, as any of the other Pipes 


of the Syſtem 1 is — or ſhor- 
tened. 


ee e, Ep E. S, E. . 
Propoſition VII. 


F 4 Fluid flow through a r 
_ Syſtem of Cylindrical Pipes, con- 
T ting of one Trunk and a certain 
Number of Branches; and if any 
Pipe of the Syſtem be obſtructed or 
opened, contratted or dilated; the 
4 elocity will be encreaſed or Ss 
| 7:/hed in all the other Pipes of the 
 oyſtem: And the Iucreaſe or Dimi- 
nution of Velocity in any one of | 
K 2 them, 
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them, will be greater or lefs, cæteris 
P aribus, as the F TH 7s nearer to or 
farther fromthe obſtructed or opened, 
contradled or dilated Pipe. 


\ Since to obſtru& or contract a 
Pipe, is in Effect to lengthen it; and 
to open or dilate it, is in Effect to 
ſhorten it; the firſt part of this Pro- 
poſition, 15 true by the laſt P ropoſiti- i 


01: And the ſecond part of it is thus 


proved. When a Pipe is obſtruct- 
ed or contracted, that part of the 


moving Force which before this 1 


Change generated the Motion de- 
ſtroyed in the obſtructed or con- 
_ tracted Pipe, is not loſt, but ſpent 
in increaſing the Motions in the o- 


ther Pipes which are open, and may J 


be conſidered as a new Force ap- 
ply'd to the Syſtem at the Place of 
Obſtruction or Contraction, and 
propagated from thenee to all the | 
other Pipes of the Syſtem; and 
RE 
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therefore, by the laſt Propoſition, the 
Velocities generated in thoſe Pipes 
by this new Force, will be great- 
er or leſs, as the Pipes are nearer 
to or farther from the Force, that 
is, as they are nearer to or farther _ 
from the Place of Obſtruction or 
Contraction. And the contrary muſt 
happen, when a Pipe is opened or 
dilated; the Velocities will then 
be diminiſhed in all the other Pipes, 
and its Diminution will be greater 
or leſs, ceteris paribus, as the Pipes 


are nearer to or farther from the 


Place of Aperture or Dilatation: And 
therefore the Propoſition is true. 
Cor. If the ſimple Syſtem be ſo 
conſtructed, that the Velocities 
in its Trunk and Branches be re- 
ſpectively equal to the Velocities 
in that principal and thoſe leſſer 
Trunks of ſuch a compounded Sy- 
ſtem of Cylindrical Pipes as J have 
deſcribed in the fourth Propgſition 


and 
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and its Scholium, through whick 
Trunks the Fluid flows into the 
compounded Syſtem and leſſer Sy- 
ſtems of which it is compoſed; . 
then, whatever Change is made in 


mo. Velocities of two correſpond- 


ing Pipes of the two Syſtems, 
that Change will produce like 
Changes of Velocity in all the o- 
ther correſponding Pipes; and by 5 
_ Conſequence, when the Velocity is 
loeſſened in any one of the ſaid ſeſ- 
ſer Trunks of the compounded Sy(- 
tem; it will be increaſed in all the 
others, and its Increaſe will be great- 
er or les, cæteris paribus, as the 
Trunks are nearer to or farther 
from that in which the Velocity is 
leſſened: And when the Velocity is 
increaſed in one of the ſaid lefler 
Trunks, it will be leſſened in all 
me reſt - And its Diminution wilt 
be greater or leſs, ceteris paribus, 
as s they are nearer to or farther _ 
5 at 
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that Trunk i in which the Velocity 


is increaſed, 
Ses eO OR RN ; 
Proor by ExPERIMENTS. 


Syſtem of Cylindrical Pipes 
had five Branches, A, B, 
C, D, E, of equal Diameters and 
Lengths. The Branch A lay near- 
eſt to the moving Force, then B, 
and ſo on in the Order they are 
mentioned. The Velocities in theſe 
Branches, obtained from the Quan- 
tities of Water diſcharged in a giv- 
en Time, were as the Numbers 
945, 68, 52, 36, 197, when the 
End of the Trunk was open and 
as the Numbers 98, 76:, 70 66, 
61 when the End of the Trunk 


was ſhut; and the Differences of 


the Volocities in the ſame Pipes, 
when the End of the Trunk was o- 
pen and ſhut, were 35 80, 1855 30%, 


41s. 
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. When the Branch C was ſhut, 
- Velocities in the Branches A 


B, D, E, were as the Numbers 9 995 Y 
815 435 235; and the Differences of 
theſe Velocities and the Velocities 
in the ſame Branches, when C was 


open, were 4, 1 3, 7% 45. And the 


ſame Changes of Velocity, but in 
a leſſer Degree, will be produced 
when a Pipe is only contracted. 


If the Syſtem had originally had 
but the four Branches A, B, D, E, 


and afterwards the Branch C had 


been added ; it is evident from theſe 


Experiments, that the Velocities in | 
the original Branches would all have | 
been diminiſhed by the Addition of 
this new Branch; and that the Di- 


minution of Velocity. in any ofthem 


would have been greater or leſs, as 


it lay nearer to or farther from the 
Branch C: But the adding a new 


Pipe to aSyſtem, will produce like 
Changes of Motion in the other 


Pipes, 
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Pipes, as the opening or dilating 
an old Pipe; for by all theſe, there 


will be a like Abatement of the 
Force generating t the Motion in the 


other Pipes, 


Therefore by theſe Experiments ” 
and the Corollary of this Propoſition, 


| when any Pipe of the ſimple Sy item, 


or any of the aforeſaid Trunks of 
the compounded Syſtem, is obſtruct- 
cd or opened, contracted or dila- 
ted; the Velocity will be encreaſed 
or e i in all the other Pipes 
of the ſimple Syſtem, and all the 
reſt of the aforeſaid Trunks in the 


| compounded Syſtem; and its In- 


creaſe or Diminution in any one of 


thoſe Pipes or Trunks, will be great- 


er or leſs, cæteris paribus, as it is 


nearer to or farther from the Pipe 


: or Trunk which is obſtructed or 


opened, contracted or dilated. _ 


L SE C- 


2: - os of the 
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& 2 Motion. 


Propoſition VIII. 


4 Uſealar Motion 7s performed 

IVI ) the Vibrations of a very Þ 
20 Aber, lodged in the Nerves 
and Menibranes moeſting the minute 

Fibres of the Muſcles, excited by the 
Power of the Will, Heat, Wounds, 
the ſubtile and ale Particles * Be- 
lies, and other Cm” | 


Beföfe I enter upon whe Proof of C 
this Propoſit. ſtion, it will be neceſſary | 
to give a ſhort Account of the Struc- | 

ture of © Oye 5 
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A Muſcle appears to the Eye, to 
. be compoled of two Parts of diffe- 

rent Colours, one red, and the other 
white. The red is called its fleſhy, 
and the white its tendinous Part. 


Some Muſcles are tendinous both at 


| divided, as far as 


their Origin and Inſertion, and 
fleſhy only in their Middle; and 
others are fleſhy at their Origin and 
in their Middle, and tendinous on- 
ly at their Inſertion. The fleſhy 
Part of a Muſcle is compoſed of 
Fibres, Membranes, Nerves, Blood- 
Veſſels, and Lympheducts. The 
Fibres are ſmall Threads, which are 
' ſhortened when a Muſcle is contra- 
cckted, and lengthened when it is di- 
' lated. The Membranes are thin 
Skins, which run between the Fibres, 
are faſtened to them, and tye them 
together. If a Piece of Fleſh be 
| boiled, till it become very tender, 
and afterwards be divided and ſub- 
the Eye and Hand 


can 


| ot | 
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can go; it will a pear, that each 
minute Fibre i in the loweſt Subdivi- 


ſion, is entirely ſurrounded by its g 


own particular Membrane. The 
Membranes, if they be extremely 
thin, are tranſparent ; and ifthey be 


thicker, they are of a whitiſh Co- 


| Jour. The Nerves are diſperſed | 
throughout the whole fleſhy Part, 
as may be gathered from A Pain 


- which is produced any where in that 


Part by the ſmalleſt Wound. It aas 
been a received Opinion, that the 
Nerves are ſmall Pipes which con- 
tain a Fluid, called Animal Spirits, 
drawn off Gon the Blood in the 
Brain. But it does not appear from 
any Experiments, that the Nerves 
are Pipes; or that ſach a Fluid as 
they conceive Animal Spirits to be, 
18 ſeparated from the Blood in the 
Brain; and therefore theſe Opini- 
ons are without any juſt Foundati- 
on. The Nerves are not only im- 
: pervious 


'S 
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pervious to the ſmalleſt Stylus, but 


| when viewed with a Microſcope, e- 
vidently appear to have no Cavity. 


And when we conſider the Manner, 
in which the Favourers of this Opi- 
nion have explained Mu/cular Mo- 
tion by Animal Spirits; we mult al- 


low, that ſuch a Fluid is altogether 


ud for this Work. For theſe Rea- 
ſons, many have thought the Nerves 
to be ſolid Threads, exteiided from 
the Brain to the Muſcles and other 
Parts of the Body. Sir Taac New- - 
ton is of this Opinion, as appears 
from the following Account he has 
given of the Nerves, in the 24th 


Query of his Opticks. 1 vol: 


c that the Capillamenta of the 
« Nerves are each of them ſolid 


c and uniform, that the vibrating 


«© Motion of the Ætherial Medium 
may be propagated along them 


EC: 


A 


from one End to the other uni- 


formly,and without W : 
- . 2" Far 


AR 


4 
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| cc For Obſtructions in the Nerves 


cc create Palſies. And that they 
may be ſufficiently uniform, I 


N 


K 


ſuppoſe them to be pellucid when 
viewed ſingly, tho' the Reflecti- 
ons in their Cylindrical Surfaces 
cc may make the whole Nerve 
© (compoſed of many Capillamen- 
ta) appear opake and white. For 
«© Opacity ariſes from reflecting 
Sur faces, ſuch as may diſturb and 
_ © interrupt the Motions of this Me- 
dium.“ The Blood-Veſſels of a 
| Muſcle are interwoven in the Mem- 
branes, and diſtributed throughout 
its whole fleſhy Part, as appears from 
its Redneſs, and from the iſſuing out 
of Blood from a Puncture made any 
where in it with the fineſt Needle. | 
The Muſcles are ſtocked with Lym- 
phatick Veſſels, as well as the other 
9 of the Body. | 
lhave no Pars fs Occafion to con- 
ſider the Structure of a Muſcle, what 
: . 


"4 


TH 


0 


N 


1 ments and 'Obſervations. 


It has been found by Obſervati- 
on, that When a Muſcle is contrac- 


ted, its fleſhy Fibres are ſhortened 


and hardened, without any ſenſi- 
ble Change made in its Tendons; 
that as ſoon as the Contraction is. 
over, or the contracting Force ceaſes 


to act, the ſhortened and hardened 


Fibres are lengthened and ſoftened 


again; that this alternate Motion 


of Contraction and Dilatation con- 
tinues in the Hearts of ſome Ani- 


mals, eſpecially young ones, for a 


conſiderable Timeafter they: are cut 


out of their Bodies, and laid on a 
Table; that it generally continues 


longer! in the Hearts of .Fiſh, than 
in the Hearts of Land-Animals; and 


that after it has ceaſed, it will be 
renewed agdly by Warmth or the 
 pricking 


| 

J 
| 
; 9 
1 
. it 
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1 have ſaid bein ſufficient for my 
Purpoſe, but ſhall now proceed to 
prove the Propoſition from Experi- 


23-4 Dea of the 
pricking of a Pin, and will conti- 


nue to be excited: by either, eſpe- | 


_ cially Warmth, for ſome little time, 
till the Heart wholly loſes its Power 
of moving; that as the Heart cools. 

by Degrees, ſo its Motion abates 
gradually, its Contractions and Di- 
latations growing leſs and leſs fre- 

quent and ſtrong, till at laſt they 

wholly ceaſe; and that the Heat 2 

the Heart is greater, and its Motion 

more frequent and ſtrong, in an ar- 
dent Fever and the hot Fit of an 

Ague, than in its natural State. 

Hence it appears, that Heat is 
a remote Cauſe both of the Fre- 

quency and Strength of the Motion 

of the Heart; and conſequently, one 
of the remote Cauſes of the Motion 
of a Muſcle. 

We find by Experience, that by 
the Power of the Will we can move 
the Muſcles of our Limbs with va- 
rious Degrees of Force; that there 

= 
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is not the leaſt ſenſible Difference 
in point of Time between willing 
the Motions of the Muſcles, and the 

Motions themſelves ; that Muſcles | 
contracted by the Power of the Will, | 
f 


dilate again the verylnſtant in which 
the Soul ceaſeth to exerciſe that 
Power ; and that the Soul loſeth the 
Power of moving the Muſcles, and 4 
perceiving Pain from Wounds made 
in their fleſhy Parts, when their 
| Nerves are cut quite through, tied 
ſtreighe, or intirely obſtructed any 
BRO - Were (om 


Hence it appears, that the Nerves 
are the Inſtruments whereby the _ 
Will gives Motion to the Muſcles : | 
And it does this, by producing ſome _ 8 
kind of Motion in thoſe Ends of 
the Nerves which terminate in the — 
Brain, which Motion is propagated i 

from thence thro' their ſolid, pellu- =_ 

cid and uniform Capillamenta into | 

F * | 
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the Muſcles. For if the Nerves were 
intirely at reſt, and no Motion was 
propagated chro them, they could 
never by the Power of che Will, or 
any other Cauſe, Produce Motion 
in the Muſcles. 
On laying bare the great Muſcle 


5 of the hinder Leg of a Pog, and the ' 


great Nerve which accompanies the 


Crural Artery and Vein; I have ob- 


ſerved, that when the Tendon Was 
| wounded, the Dog ſhewed very lit- 
tle Uneaſineſs; but expreſſed great 
Pain, on wounding the fleſhy Part 
of the Muſcle; and much greater 
Pain, on woundin g, or in the Inſtant | 
of tying the Nerve; that a Con- | 
traction of the Muſcle was produ-. 
ced, on wounding its fleſhy Part ; 


and a much ſtronger Contraction | 
on wounding, or in the Inſtant 


of tying the Nerve; and that after | 
the Nerve was cut quite through, or 
tied 
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tied ſtreight, great Uneaſineſs and 
Pain with moſt violent Struggles > 
were produced, as often as a new 
. Wound was inflicted, or a new Li- 
gature made, above the laſt Section 
or Ligature, in that Part of the 
Nerve which communicated with 
the Brain; but neither Pain nor 
R Contraction of the Muſcle follow- 
ed, on wounding or tying that Part 
of i it which communicated with the 
Muſcle and Limb. And] have like- 
wiſe obſerved on trepanning Dogs, 


and wounding ſeveral parts of their 


Brains, that convulſive Motions of 


the Limbs have ever been produ- 


ced, on wounding the Medulla ob- 
longata, but never on wounding the 


Dura Mater, or Cortical Part. 


Hence likewiſe it appears, that 
the Nerves are the principal Inſtru- 
ments of Senſation and Motion; 
at theſe Effects are ſtronger or 

N 
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weaker, as more or fewer of the ner- 
vous Capillamenta are tyed or woun- 


ded ; that theſe Effects are the ſame, 


=O whatever part of a Nerve the "wg -.| 


tion or Ligature is made; and that 
the Soul perceives Pain, and exerts 

its Power of producing Muſcular 
Motion, only at the Origin of the 
Nerves i in the Brain. 


The exceeding Quickneſs of this 
Motion paſſing from the Brain thro? 


the Capillamenta of the Nerves to E 
the moſt diſtant Muſcles in an In- | 
ſtant, and its Ceſſation the very Mo- 


ment the Cauſe which produced it 
ceaſes to act, ſhew it to be the vi- 
brating Motion of a very elaſtick 

Fluid. For it is the Nature of the 
vibratin g. Motion of an elaſtick Flu- 
id to be very ſwift, and to ceaſe 
the very Inſtant the Cauſe which 
produced it ceaſes to act. A vi- 
” brating Motion excited i in our Air 


by 
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by the Tremors of Bodies for the 


Production of Sounds, moves at the 
Rate of 1142 Hngliſh Feet in a ſe- 
cond Minute of Time, and ceaſes 
the very Inſtant in which the Tre- 


mor of the Bodies ceaſe. 
No ſince this Motion begun i in 


the Nerves at their Origin, has been 


proved to be the vibrating Motion 


of a very elaſtick Fluid; and ſince 
the other Phænomena of Nature ab- 
8 ſolutely require ſuch an elaſtick Flu- 
id, as is the Ether deſcribed by Sir 
Iſaac Newton ; and ſince Cauſes are 
not to be multiplyd without Neceſ- 


ſity: Therefore it muſt be grant- 


ed, that this Motion begun in the 
. at their Origin, is the vibra- 


ting Motion of that Ether; the 
Properties of which, gathered from 


the Phænomena, are theſe which 


| follow. 
This 1 75 exceedingly more. 


rare. and ſubule than Air, and ex- 


ceed- — 


— 


—— —— 


— —— —— 
* 


| 
| 
| 
| 
| 


—= 
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ceedin ply more -elaftick and afe, 


Tr. readily pervades all B odies, and 
by its elaftick Force is expanded thro 
all the Heavens. -If it be 700000 
times more elaſtich than our Air, it is 
above 700000. times more rare, Its 


elaſtick Force in proportion to its Den- 


ſity, is above 490000000000 times 
_ greater than, the elaftick Force of the 


Air is in Proportion 10 its Denſity. 


I 55 rarer Within Boates, than in +, 


empty Spaces between them; and in 
paſſing ſrom Bodies. into empty S, * 
ces, it grows denſer and denſer by 
Degrees; and the Tucreaſe of its Aue . 


7 ty, at any Diftance' from the Centre 


of: Gravity of a Body, is as the Quan- 


tity of Mailer in the Body direcily, 


$i. the Square of that Diſtance in- 
verfly : Aud it is rarer within denſe 
Bodies, than within rare Bodies. All 
Bodies endeavour to recede and go 
from the denſer Paris of it, towards 
the rarer; and be Force wherewith 

a 
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4 Bo 


dy endeavors to rec ele, ; is as tbe 


Quantity of Matten inthe Body, and 
the Increaſe of the Denfity of the A. 
ther at the Centre of Gravity of the 
Body, taken together. When it is 
put into a vibruting Motion by the 
Rays of Light, the Will of Animals, 
or other Cauſes; its Vibrations or Pub- 
ſes move -fwjfter than Light, and'by 


Conſequence, ' above "700000 timeès 
foi than $ ounds; Its Denſity and 


expanſive Force, 'are both increaſed 


1 Proportion 70 the H zrength and Vi- 


gour of its vibrating Motion; which 


: Motion, hke the vibrating Mition of 


the Air for the P roduttion o, Sounds, 


grows weaker, ac the Saure of” the 


Diſtance from the Plate in which it 


7s'excited mcreaſes. And. laſtly, i 


vibratnig Motion is regularly propa- 


gated" thro* Bodies malle of uniform 


denſe Matter, but is reflekled, refrac- 


| 1d, enterrupied or Horgered by any 


Unevenneſs in the Bodies. 


Theſe 


— — 2 2 
r 
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Theſe are the principal Proper- 5 
ties, with which this Æther muſt ne- 


ceſſarily be endued ; which I thought 
fit to mention, before I ſhew the 
Manner in which it cauſes the Mo- 
tion of the Muſcles. 


When by the Power of the Will 


a vibrating Motion is excited in the 


ther, in thoſe Ends of the Nerves 


which terminate in the Brain; that 
Motion is in an Inſtant propagated s 
thro' their ſolid and uniform Ca- 


pillamenta to the Membranes of the 
Muſcles, and excites a like Motion 


in the Ether lodged within thoſe 


Membranes ; and a vibrating Mo- 
tion raiſed in the Æther within the 


Membranes, increaſes its expanſive 
Force; an meren of that Force 
{wells the Membranes ; a Swelling 
of the Membranes canes a Contra- 


ction of the fleſhy Fibres; and that 
Contraction, a Motion in the Parts 
to which the Extremities of the 


_ Muſcles 
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Muſcles. are faſtened. Thus the 
L. imbs and other Parts of Animals 
are moved by their Muſcles, each 
of which has its two Ends faſteried 
to two, Bones, whereof one is al- 
ways more moveable than the o- 


ther; on which Account, when its 
feſby Fibres are ſhortened by the 


: [at hy of the Membranes, the 


more moyeable Bone is drawn to- 
wards that which is more fixed, by 
means of an intervening Joint up- 


on which it turns. 


by As ſoon as the Will ceaſes to act, 5 
| the vibrating Motion of the Ather 5 
cauſed by that Action ceaſes; in 


1 like manner as the Pulſes of the Air 


cauſing Sounds ceaſe, on a Ceſſati- 
on of the Tremors of ſonorous Bo- 
dies, by which they are excited; 
and a Geſſation of the vibrating 
Motion. of the Ether, cauſes a Di- 


minution of its expanſive Force; 
and a Diminution of that Force, 


N gives 
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gives an Opportunity to the dilated 
Membranes to contract, by the at- 
tractive Powers of their Parts, and 
thereby to lengthen the fleſhyFibres. 


Another Cauſe of the lengthening : I 


of the fleſhy Fibres and Dilatation 


"8 Muſcle, is a vibrating Motion, 


excited in the Ether lodged in the 
fleſhy Fibres by their Contraction : 
For that vibrating Motion will in- 
creaſe the expanſive Force of the 


ther, and that increaſed Force will | 


lengthen the Fibres, the very In- 
| ſtant the Cauſe which contracted | 
them ceaſes to act. Theſe two For- 


ces added together, make the whole g 


Force whereby a contracted Muſcle 
is dilated: For the Experiments a- 
bove- mentioned fully prove, that 
the Soul has no immediate Power 


cover the fleſhy Fibres. Thus the 


Muſcles of Animals are moved by F 


the Ether, when put into a vibra- 
ting 
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ting Motion by the Power of the 


Will. 


r head 


I have ſhewn that Heat, Punct- 
ures or Wounds, and Ligatures on 
the Nerves in the Inſtant they are 


made, have aPower of contracting 
the Muſcles: And from the Effects 


of vomiting and purging Medi- 


cines, and ſome Poiſons, we learn, 


that the ſubtile and active Particles 


| of ſome Bodies have a like Power: 
But ſince all theſe Things, however 


different they are in themſelves, do 


notwithſtanding produce the ſame 


Effect which the Mill does they muſt 
do it in the ſame Manner, that is, 


| by exciting a vibrating Motion in 


the Ether within the Nerves and 
| Membranes of the Muſcles. And 


| therefore the Propoſition is true. 


e 


| cles becomes weak, either from too 
| weak a vibrating Motion of the . 
TS -- 
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ther in their Membranes and Fibres; 
or an Unfitneſs in the Membranes 
and Fibres to be moved with Vigour 
by a due Degree of that vibrating | 
Motion. The vibrating Motion ex- 


eitel by. 1 given Forer erb 


weak, when the Æther becomes rare; 

and the Ether becomes tate, when 
the Membranes and Fibres become 
denſe, from Moiſture ſoaking into 


other Cauſes. And the Membranes 
and Fibres become unfit to be mo- 
ved with Vigour, when they are ren- 
dered ſtiff by Age, too kak Labour, 
) %C«ͤͤ— 


Cor. 2. Muſcles grow larger and | 
ſtronger by modetate Exerciſe: For 

the expanſive Force of the Ether 

muſt be increaſed, before it can 
move the Muſcles; and a frequent | 

| Increaſe. of this Force in Muſcles | 
much moved, muſt of Neceſſity in- 
e creaſe 
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creaſe both their Magnitudes and 
Strengths. Hence labouring Per- 
ſons have larger and ſtronger Muſ- 

cles, than Perſons who lead a ſe- 


dentary and inactive Life. 


Cor. z. The Blood moving thro 
a Muſcle, is preſſed forward by the 
Force of its Contraction; but after 
a Muſcle is contracted, if it be kept 
in that State by the conſtant Action 
of the Force which contracted it, 
leſs Blood will flow through it in a 
given Time than did before: For 


the Blood Veſſels interwoven in the 
Membranes, are compreſſed and 
contracted by the fwoln Mem- 
branes and ſhortened and harden- 
ed Fibres: And this Contraction 
of the Veſlels, while it is exerting, 
preſſes the Blood forward; but af- 
terwards hinders the Blood from 
flowing through the Muſcle in that 
Quantity it did before, Hence 
Eh Ex- 


1 
f 
| 


4 Treatiſe if th the. 
3 performed by the Motion 


of the Muſcles, accelerates the Moti- 


on of the Blood; and Cramps and o- 
ther permanent Convulſions retard 
5 it. | | 


Cor. 4 The nn of a Muſ- 
cle may be but little altered by its 


Contraction: For if the Contrac- 


tion of the fleſhy Fibres be nearly 


equal to the Spelling of the Mem- 


branes, its Magnitude will conti- 
nue much the * though its Fi- 


gure be — 


Cor. The Forc ces 4 corre- 
genie -Maſcles in healthful Bo- 
dies, are meaſured by their Weights, 
and the Strengths of the vibrating 
Motions of the Ether in chem, ta- 
ken together. | 


Che: 6. Ifa great "HI" of the 
vibrating Motion of the Æther in 
the Nerves and Membranes of one 
Part 


AxiuAT OEconowmy. 103 
part of the Body be, from ſome 
Cauſe, attended with a Diminuti- 


on of its vibrating Motion in the 
Nerves and Membranes of other 


Parts; then it may be in the Power 
of Art to quiet a Diſturbance in one 
Part, by raiſing a ſtronger Diſtur- 
bance in another: As by Bliſters, 
Cauteries, and other powerfully ſti- 
mulating Bodies, applied to one 
Part of a Human Body, we often 
relieve Pain, and quiet convulſive 
Motions in other Parts of it. The 
Exiſtence and Nature of ſuch a Cauſe 
J ſhall conſider more fully in its 
proper Place, it being beſide my 
Deſign to enlarge upon it at ow” 
ſent, 


Of 


. A eit f. 
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—— 


| Propolnion 1 Ix, 


4 1 E Blood moves in the FE 
Em tries and Veins with a nd. 
of Circular Motion. 


Hume) bas proved this from Ex- 
_ periments and Obſervations: For 
he has ſhewn, that the Blood flows 
out of the Trunk of the Vena ca- 
da, into the right Auricle of the 


Heart; out of that, into the right | 


Ventricle; thence, thro the Lungs, 
into the left Anricle and Ventricle ; 
out of the left Ventricle, into the 
Aorta; whoſe Branches convey it 
to all Parts of the Body, except 
the Lungs, and pour it into the 


ſmalleſt Branches of the Veins ; out 
of 
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of which it paſſes into Branches ſtill | 

| larger, till at laſt, by the Vena cava 

it is brought back to the Heart. 


And this Motion of the Blood from 
and to the Heart, is called its Car- 


culation, or Circular Motion. 


1 Heart and Arteries act upon 
the Blood, in generating and keep- 
ing up its Motion, in the following 
Manner. When the Auricles are 
| filled with Blood by the Veins, the 
right Auricle by the Vena cava, and 


the left by the Pulmonary Vein, they ; 


both contract at one and the ſame 


time, and preſs the Blood which they 
contain into the Ventricles; and 
when the Ventricles are filled with 


b- Blood, they likewiſe contract at one 


and the ſame Time, and preſs the 

Blood which they contain into the 

Alrteries; the right Ventricle into 

the pulmonary Artery, and the left 

into the Aorta. The Arteries are di- 

lated by the Blood, forcibly preſſed 
O 


1nto 
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into them by the Ventricles; and 

as ſoon as the Ventricles are emp- 

tied, and their Contraction is over, 
= dilated Arteries contract, and 
ßpreſs the Blood forward into the 
| Veins. And thus the Motion of | 
the Blood is generated and kept up, 
by the Forces of the Heart and Ar- 

teries. : 
The Blood is kept from regur- "*" 
i gitating, by the Valves of the Heart 
and Veins. The Valves at the 
Entrance of the Auricles into the | 
Ventricles, open when the Auri- 
cles contract, and permit the Blood 
to flow into the Ventricles; and 
ſhut when the Ventricles contract, 
and prevent its Return into the Au- 
ricles. The Valves at the Ori- 
gins of the Aorta and Pulmonary 
Artery, open when the Ventricles 
contract, and ſuffer the Blood to 
flow into the Arteries; and ſhut | 
when the Arteries contract, and hin- 

— „ 
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der it from flowing back into the 
Ventricles. And the Valves of the 
| Veins open to let the Blood move 
forward towards the Heart; and ſhut 


to prevent its Return into the Ar- 
: teries. 


| Orr. r. The two Ventricles of the 
Heart throw out equal Quantities 
of Blood in each Syſtole: For if 

they threw out unequal Quantities ; 
then, ſince they always contract 

together, more or leſs Blood would 
flow into the Lungs, than flows out 
of them, in a given Time: Which 
muſt of al ity oon put an End 
to Life. 


Chr. 2. As much Blood Fat 


kchro' each Ventricle of the Heart, 


and through the Lungs; as flows 
through all the reſt o the Body in 
the {ame Time. : 


=; 
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Cor. z. The Arteries have a Pulſe, | 
and the Veins no Pulſe : For the Ar- 


teries have a ſtronger muſcular Coat 
than the Veins, from their ſuftain- | 

ing a greater Preſſure againſt their | 
Sides from the Blood forced into 


them by each Syſtole of the Heart; 


and they ſuſtain a greater Preſſure | 
againſt their Sides than the Veins, | 


from a greater Quantity of Blood 


lying before them, which gives a 


greater Reſiſtance to the Blood for- 


ced into them by the Heart. Now 
the Sides of both Arteries and Veins 
being ſoft and dilatable, it is evi- 
dent, that the whole Syſtem of Veſ- _ 
ſels muſt ſwell, when Blood is for- FS 
cibly preſſed into it by the Heart 


in its Syſtole; and endeavour to 


contract again, when the Force of 


the Heart ceaſes to act in its Dia- 


ſtole: But when the Arteries and 


Veins begin to contract after eve- _ 


ry Syſtole of the Heart, the Arte- 
— ries, — 
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ries. by the greater Stren oth of 


their Muſcular Coat, overpower the 
Veins; and by preſſing the Blood 
into them, hinder them from con- 
tracting: Therefore the Arteries 


by dilating and contracting, havea 


Pulſe; and the Veins for want of 
this alternate Motion, have 1 


0 Pulſe. 


EE GE EE G e. es- ES ON 


- Propoſition X. 
HE e elicity of the Blood is 


leſs in the Sum of the Branches | 
1 of both Arteries and Veins, than in 


their reſpectibe Trunks ; and; it is leſs 
in the Veins, than in rbeir correſpoud- 
ing Arteries. 


For it has been found by meaſur- 
ing the Veſſels, that the Branches 
4 an Artery or Vein taken all to- 
gether, are wider than the Trunk 


out of which they ariſe; and that 
| the 


— —— » ID 12 rr 7 
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the Veins are wider than their cor- 


reſponding Arteries: And therefore 
the Propoſition is true, by the 5th 


Karle; of the 5th P ropoſiti mon. 


; Cor. 1. Hence it appears, that the 
Velocity of the Blood is continu- 
ally eflaned in the Arteries from 


N 9 Trunks to their ſmalleſt . 


Branches; and increaſed continual- 
ly in the Veins from their ſmalleſt 
Branches to their Trunks: And by | 
Conſequence, that the Velocity i iS 
| leaſt in the laſt and ſmalleſt Branch- 
1 s of the Arteries and Veins. 


g Cor. 2. Since the Velocity of the 
Blood is leaſt in the ſmalleſt Branch- 
es of the Arteries and Veins ; it ne- 
ceſſarily follows, that the Blood will 
be more liable to be obſtructed by 
Cold and other Cauſes, in its Courſe 
thro' thoſe Veſlels, chan thro? any 


others. . LP 
Propoſition 


— 
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| Propoſition x, 
3 HE Velocity of the Rhod in 


: one and the ſame Artery or 
Vein, is the ſame both in the Syſtole 
of the Heart, and in its Diaſtole; when 
the Arteries are dilated, and when | 

zhey are conrracted. 


For ſince * Veins 3 no pulſe, 
the Blood muſt neceſſarily flow thro* . 
them with the ſame Velocity when 
the Arteries are dilated, and when 
th ey are contracted ; wh; it could 
not do, if it moved faſter through 
the Arteries when they are 3 
than when they are contracted; in 
the Syſtole of the Heart, than 1 "By - 
Diaſtole: And therefore the 
itt tion is true. 


Cor. 1. Heger it appears, that 
while the n Motion of the 
Blood 


ng CE Peer rg > DOUG — og „ 
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Blood continues the ſame ; theForce 
which .generates this Motion, muſt 
by its conſtant Action continually 


generate as much Motion as is de- 
ſtroyed by the Reſiſtance of the in- 


ternal undes of the whole Syſtem of 


Blood-Veſlels; otherwiſe it would 
be impoſſible, that the Velocities of ß 
the Blood in the ſame Veſſels ſhould | 
be the ſame in the Syſtole of the 

Heart, andi in its Diaſtole ; when the | 

Arteries are dilated, and when they E 

are contracted. 
This will not appear ſtrange 
when we conſider, that there are 
other Motions in Natare which are | 
uniform, notwithſtanding the con- 
ſtant Action of a given moving 
Force. Of this kind is the Motion 


of a Ship, generated by a Wind 


blowing conſtantly and uniformly ; | 


which Motion is at firſt accelerated, 
till as much Motion is continually 


communicated to the Water and 


Air 


— 3 RS 
N 11 2 
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2 Air by the Ship moving along; as 
is generated in it by the conſtant 
and uniform Action of the Wind : 
And after that, it continues uniform, 
hotwithſtanding the conſtant Acti- 
on of the Wind. Of this kind al- 
ſo, is the Motion of a Body deſcend- 
ing in Water; which Motion is ac- 
celerated, till the Motion commu- 
nicated to the Water by the de- 
ſcending Body, ee equal to 
= Motion generated in the Body 
buy the conſtant and uniform Acti- 
*F 3 of its Weight in Water; and af- 
ter that, the Motion continues uni- 
form, notwithſtanding the conſtant 


Action of this Weight. 


De e e ee e e 


Propoſition XII. 


P ſpect 


HE Velocities of the Bid iu 
the correſponding Blood-Veſ= 
ith of 5 adies ſituated alike with re- 
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pet to the Horizon, are in the ſub- 


duplicate Ratios of the Diameters of 
the Veſſel, that 1 is, V.viv D. „ d. 


For We Ae and: the si- 
milarity of the correſponding Parts 
J of human Bodies we learn, that their 
| 1255 Syſtems of Blood:Veſſels have the 
ame Number of correſponding Veſ= | 
ſels; and that correſponding Veſ- 

ſels have like Situations and Capa- 


1 reſpect to the Horizon, that is, any 

to correſponding Veſſels are ſitu- 

ated alike with reſpect to the reſt 
of the Veſſels, and their Capaci- 
ties are as the Capacities of the 
whole erm 

The Forces of the Hearts are as 
their Weights, and the Strengths of 
the vibrating Motions of the Ether 
in their Nerves and Membranes, 
taken together, by Cor. 5. Prop. 8. 

But the Strengths of the vibrating 
Motions 


Cities, in Bodies ſituated alike with ” | 
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Motions of the Æther, ſetting aſide 

the Power of the Soul and other di- 
ſturbing Cauſes, are as the Heats of 
the Hearts; and the Heats of the 

Nearts, as the Heats of the Blood 
and the Heats of the Blood are 


much the ſame in all healthful Bo- 


dies, as I have found by the Ther- 
mometer: And therefore, ſetting 
aſide the Power of the Soul and 
other diſturbing Cauſes, the Forces 
of the Hearts are as their Weights. 
The Weights of the Hearts of a 
ſtrong Man and a Child newly born, 
| were as 16 and 1; the Diameters 
of their Aortas as 2 and 1; and the 
| Lengths of their Bodies as 4, and 1: 
Now ſince the Lengths of corre- 
ſponding Blood-Veſſzls are as the 
| Lengths of the Bodies, and the Di- 
aneeters of correſponding Veſſels as 
the Diameters of the Hortas in Bo- 
dies ſituated alike with reſpe& to 
the Horizon; it is evident from this 
1 Inſtance, 
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Inſtance, that the Weights of the 
AB Hearts are as the Capacities of cor- 
freſponding Veſſels, or as the Ca- 
pacities of the whole Syſtems, inn 
Bodies ſituated alike with reſpe& to 
the Horizon: And therefore the 
Ss Forces of the Hearts, when they | 
| are not diſturbed by the Power of | 
| the Soul or other Cauſes, are as the | 
1 Capacities of correſponding Blood- | 
| Veſſels, or as the Capacities of the 
| whole Syſtems in Bodies fo ſituated; | 
and the Forces generating the Mo- | 
tions in correſponding Veſſels, are 
as the Capacities of thoſe Veſlels, | 
and by Conſequence, as the whole 
Forces of their Hearts. And farther 
| if we conſider, that the Syſtem of | 
| Blood-Veffels fwells or contracts as | 
[the Force of the Heart is increaſed | 
if or leffened by the Soul, Heat or 
| Cold, or other Cauſes; and on the | 
SM contrary, that the Force of the | 
1 Heart is increaſed or leſſened, 0 = 
| | | als 5 : the 


J 
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the Syſtem ſwells or contracts by 
Heat or Cold; no Doubt can be 
made, but that the Forces of the 
Hearts are ever proportional to the 


3 Capacities of their reſpective 8 2 5 


tems of Blood-Veſſels; and how 
the Forces generating the Motions 
in correſponding Veſſels, are as the 
whole Forces of their Hearts in Bo- 


dies ſituated alike with reſpect to the 


Horizon. 
And theſe Things being true, the 
Propoſition is true, by the 2 Co- 
rollary of the F. brd P ropoſition. 
Cor. 1. Hence it appears, that 
the Velocity of the Blood increaſes 
continually from the Birth, till Bo- 
dies are arrived at their full Lengths; 1 
and afterwards, it increaſes or leſſens 


| * in the ſame Bodies, as their Syſtems 


of Blood-Veſſels [Well or contract, 
either from an Increaſe or Dining 
tion of the Quantity, or a Diminu- 


| tion or Increaſe of the Denſity of 
the Blood. OW 
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Cor. 2. When healthful Bodies = 
a” ſituated alike with reſpe& tothe | 
= Horizon, and their Hearts are free | 
4 from the Influences of diſturbing 
Cauſes; the Velocities of the Blood | 
in correſponding Blood-Veſſels, are 
in Ratios compounded of the ſub⸗ 
quadruplicate Ratios of the Quan- 
tities of Blood contained in their 
| Vwuhole Syſtems of Blood-Veſſels di- 
| redly,andthe lubquadruplicate a- 
tios of the Lengths of the Bodies 
inverſly, For the Heat of the Blood 
is the ſame in Bodies under theſe 
Circumſtances, as I have found by 
the 1 hermometer, and conſequent- 
ly its Denſity is given; but the Den- 
ſity of the Blood being given, the | 
| Capacities of correſponding Blood- | 
| Veſſels will be as the Quantities of 
| Blood contained in them, or as the 
| | Quantities contained in the whole 
Syſtems ; therefore, putting Q and 
q for the Quantities contained in 
tWO 
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two whole Syſtems, D* L. dl: 'Qq; 


whence VD. va: SL: But by 
chi Propoſition, V. vr: VD. v4; a 


therefore in Bodies under the Cir- 


cumſtances * in this = 


_ V. v:: . 4 * oo 
| * | FE 


Cor. 4. If two healehfal Bodies of Y 


| equal Lengths, or one and the ſame 
Hoy at two different Times, be ſi- 


tuated alike with reſpect to the Ho- 


| rizon, and their Hearts be free from 
the en of diſturbing Cauſes; 


the Velocities of the Blood in any 
two correſponding Blood-Veſſels of 


the two Bodies, or in any one and 


'| the fame Blood - Veſſel of the ſame | 


Body at two different Times, will 


| be in the ſubquadruplicate Ratios of 


| the whole Quantities of Blood con- 
tained 
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tained in the two Bodies, or in the 
ſame Body at thoſe different Times, 
buy the laſt * If LA; chen 9 


will V. vi: Q. q“. 


That the Velocities of FO Blood 


as they are expreſſed in this Coro | 
lar), may be found out more eaſily, 


I have added the following Table: 
Which in the two Columns under 


contains different Quantities of 


Blood; and in the two Columns un- 
der V, different Velocities expreſſed | 
in the biquadrate Roots of thoſe | 


Quantities. For Inſtance, if the | 


Quantities of Blood in two diffe- . 
rent Bodies of equal Lengths, or 
in one and the ſame Body at two 


different Times, be as 20 and 18; 


the Velocities in the correſponding 
Blood - Veſſels of the two Bodies, or 
in the ſame Blood Veſſel of the ſame 


Body at different Times, will be as | 


the Number 21147 and 20597, if 


the 
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s the Bodies be under the Circumſtan- 


ces — in this „ 


S © O Abu 18 


14953 


119680 
20000 || 4 
20302 || 4 


_ 


10000 
111892 


13160 
14142 


15650 


162657 


16817 


17320 
| 17790 


18271 


18612 


18988 
1 


20597 
20878 


21657 
21899 


22134 || 4 
122361 


21147 
21407 


Cor. 


ms A4 Tren of the 


owl Cor. 4. If the Diameters of cor- | 
reſponding Blood-Veſſels be in the | | 
ſubduplicate Ratios of the Lengths | 
of the Bodies; the Velocities in 
thoſe Veſlels wit be in the ſubqua- 
druplicate, and the Capacities of | | 
the whole Syſtems in the duplicate 

| Ratios of the Lengths of the Bo- | 
dies. I D. d:: VL. VI; then will 


5 v: L. 15 and DL. 1: 7 Ol oh 


From the A mentioned i in 


the Proof of this Propoſition it is e- 


vident, that theſe Proportions of 
the Diameter of eie ere 


Blood Veſlels and of the Capacities 


of the whole Syſtems obtain in ſome 


"| 
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Bodies, when ſituated alike with 


reſpect to the Horizon; and it is 

as certain, that they do not obtain 
in all Bodies ſo ſituated; becauſe of 
Bodies of the ſame Length, ſome, 
from a different Uſe of the Non- 


naturals or other Cauſes, have lar- 


ger 
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ger Blood-Veſſels than others: Now 


if theſe Proportions be obſerved in 

the moſt perfect and beſt propor- 
tioned Bodies, they will likewiſe 

obtain in all Bodies of different 
Lengths, taking thoſe of each 
Length one with another, when 
they are ſituated alike with reſpect 


to the Horizon, that is, the mean 


Diameters of correſponding Blood- 


| Veſfels of Bodies of different 
FT Lengths ſo ſituated, each Mean be- 


ing taken from a confiderable Num- 


ber of Diameters of correſponding 
Blood Veſſels of Bodies of the ſame 
Length, will be in the ſubduplicate; 
and the mean Capacities of the 


whole Syſtems in the duplicate Ra- 
tios of the Lengths of the Bodies: 
Otherwiſe there could be no Regu- 


larity and Uniformity preſerved in 
the Species. 


Q 2 This 
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gths 
in Inches. 


[72 2913 5184 
60 2783 3600 
54 2711 2916 
1 48 263 2 2304 | 

14225461764 
„ 
| * eee | 324 2 


Q 


This Table contains in hs firſt P 


Column, the Lengths of Bodies in 
Inches; in the ſecond, the true or 
mean Velocities of the Blood in the 
correſponding Blood-Veſlels of Bo- 
dies ſituated alike with reſpect to 
the Horizon; and in the third, the 
true or mean Capacities of the 
whole Syſtems of Blood-Veſſels of 
; Bodies of thoſe Lengths. For In- 


ſtance, 
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ſtance, the true or mean Velocities 


of the Blood in the correſponding 


Blood-Veſſels of Bodies alike ſi- 


tuated whoſe Lengths are 22 and 
36, are as the Numbers 2913 and 
24493 and the true or mean Ca- 


pacities of their whole Syſtems of 
Blood-Veſſels, as the Numbers | 
5184 and 1296, 


Cor. 5 5. If the Diameters of cor- 


3 Blood-Veſſels of Bodies 


ſituated alike with reſpect to the 
Horizon, be as the = Power of the 


Lengths of the Bodies; the Velo- 


Cities in thoſe Veſlels will be as the 


2 Power; and the Capacities of the 
= whole Syſtems, and Quantities of 
Blood if the Forces of the Hearts 


are not diſturbed, as the 2 Power 


of the of the Bodies, that 


is, V.v:: >, Þ, and D' L. d-: 


„Lor. My ie: 3 L 


if D*L. d 1: Q. 


For 


| 
| 
| 
| 
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For Example, If the Diameters 


of correſponding Veſſels be in the 
5 ſubtriplicate Ratios of the Lengths 

of the Bodies, and the Lengths of 
the Bodies be 72 and 18; the Ve- 
locities will be as the Numbers 126 

and 100; and the Capacities of the 
Syſtems and Quantities of Blood, as 

the Numbers 10 and * 


e der dee eta 0e e e 


Propoſition XIII. 


T HE Velyocities of the Blood in 


the correſponding Blood-Veſſels 


f Bodies ſituated alike with reſpect to 
the Horizon, are in Ratios compoun- 
ded of the 7 mple Ratios of the Mag- 
nitudes of the Quantities of Blood 
thrown, out of their Hearts in one Sy 
zole directly, and of the duplicate Na- : 
#105 of the Diameters of theVeſſels and 
the ſimple Ratios of the Times of one 
Mole moerly. I K, k denote the 


Mag- 
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Magnitudes of the Quantities of Blood © 
thrown out of the Hearts of two Bo- 


dies in one Hole, c and T, t the Times 
of one Sole; Lay, that V. v —— X 5 


1 


. 


For the Velocities of the Blood 


in any two correſponding Blood- 
Veſſels, are directly as the Spaces 
deſcribed by the Blood in the Times 


of one Syſtole, and inverſly as thoſe 


Times: But the Spaces deſcribed by 
the Blood in the Times of one Syſ- 
tole, are as the Magnitudes of the 


Quantities of Blood which flow in- 
to thoſe Veſſels in the Times of one 


Syſtole apply'd to the Orifices or 


Squares of the Diameters of the Veſ- 
ſels; and the Magnitudes of thoſe 


Quantities are as the Magnitudes 


of the Quantities thrown out of 
their Hearts in one Syſtole, if the 


Bodies be ſituated alike with reſpect 


to 


128 , A Treatiſe of the 
to the Horizon: And therefore, the 
| Velocities in the correſponding 
Blood-Veflels of Bodies fo ſituated, | 
are in Ratios compounded of the = 
ſimple Ratios of the Magnitudes of 
the Quantities of Blood thrown out 

of their Hearts in one Syſtole direct- 

| ly, and of the duplicate Ratios of 

the Diameters of the Veſſels and the 
ſimple Ratios of the Times of one 
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pyſtole inverſſy: Which 1 was to be 


c proved. 


Cor. 1. 11 the is at the 
| Quantities of Blood thrown out of 
the Hearts of two Bodies in one Syſ- 
tole, be as the Capacities of any two 
Torr eſponding Blood-Veſſels; the 
Velocities in thoſe Veſſels will be 
as the Lengths of the Bodies dire&- | 
ly, and as the Times of one Syſtole 
of their Hearts inverſly. If K. „ 


DL. 1; then will V. V. v. T. + 


This 


; A + 3 
hs e {tax e P. 
. <7 = 3 e 5 . 
* r * r . 
9 WT Went, e e e 2 * 
7 8 9 
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This Corollary obtains in Bodies 
which are ſituated alike with reſpect 
to.the Horizon, and whoſe Hearts 
are not influenced by diſturbing 


Cauſes : For the Hearts of Bodies un- 


— 


2 — g; 7˙1˙1˙¹. . ÜiÜ . ˙ ˙wÄ ] ˙ 1 Oe EET 7 — —— — ” . 6&2 <4 
— 1 ” - - > = —_- - — — — - 8 * 3 — — 


der theſe Circumſtances, will throw | 


out in each Syſtole Quantities of 
Blood whoſe Magnirndes are equal 
to the Capacities of their Ventri- 
cles; but = e Capacities of the Ven- 
tricles are as the Magnitudes of the 
Hearts; and the Magnitudes of the 
Hearts are as their Weights; (for I 


have found their Denſities to be ſo 


nearly equal, that their Differences 
may be neglected) and the Weights 
of the Hearts are as their Forces ; 
and their Forces as the Capacities 
of correſponding Blood-Veſſels by 
the Proof of the 12th Propoſition ; 
and therefore K. K:: D* L. q 1. 


Cor. 2. The true Times of one 
yttole of the Hearts of regular and 
R welle 


1 30 4 Near f the 


| well-proportioned Bodies of diffe- 
rent Lengths, and the mean Times 
of one Syſtole of the Hearts of all 
Bodies 0 different Lengths, each 
Mean being taken from a conſide- 
rable Number of Bodies of the ſame 
Length, are, when the Bodies are 
ſituated alike with reſpe& to the | 
Horizon and their Hearts are free | 
from the Influences of all diſturb- | 
ing Cauſes, as the biquadrate Roots 
of the Cubes of the Lengths of the | 


Bodies, that i is, T. K 3 For 


in theſe Caſes, V. v:: L.. k by the 
4th Corollary of the 127h Propoſition, 


and V. v: 
.G vrollary o 


by the preceding 4 


Propoſit tion; and 


1 
of thi 


rt? 


18 
therefore $4 bak. = 3 whence T. 
250 15 J. 
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EF | Propoſition XIV. : 


HE Helociries of the Blood in 

the correſponding Blood-Veſ- 

ſels of Bodies ſituated alike with re- 

ſfpect to the Horizon, are in Ratios 

= e of the ſimple Ratios of 
the Magnitudes of the Quantities of 

| Blood thrown out of their Hearts in 

one Syſtole and the ſimple Ratios of 

the Numbers of their Pulſes in a gi- 

den Time direlily, and the duplicate 
Ratios of the Diameters of the cor- 
reſponding Veſſels inverſly. If P, p 
denote the Numbers of Pulſes in a gi- 
den Time of two Bodies ſituated alike 
with reſpect zo the Horizon ; ; the 


KP kp 
will V. v:: — P 9 


VVG 
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DOGS! 982 8 e S See e 
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PR OO F by E x P E RIM E N 15S. 


T regt de Palls in a Minur, 


and meaſured the Lengths, of a 4 


great Number of Bodies: I took the | 


_ Pulſes when the Bodies were fitting, .. 
that they all might be ſituated alike 
with reſpect to the Horizon; and in 
the Morning before Breakfaſt, that | 
their Hearts might be as free as poſ- | 
ſible from the Influences of all diſ- | 

turbing Cauſes: And when I had | 
got a very large Stock of Obſerva- | 


tions, I took the Means of the Pul- 


ſes, each Mean from a conſidera- 
ble Number of Bodies of the ſame 
Length; and found thoſe Means to 
be nearly as the biquadrate Roots 

of the Cubes of the Lengths of the 
Bodies inverſly, that is, nearly as 
the mean Times of a Syſtole of their 
Hearts inverſly, by * 2. Prop. 12. 


And 


; * 
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And fince the mean Numbers of 


Pulſes in a Minute of all Bodies, are 
the true Numbers of Pulſes in a Mi- 


nute of ſingle Bodies of the ſame 
Lengths which are regular and well- 


proportioned, the Numbers of Pul- 


ſes in a Minute of regular and well- 
proportioned Bodies taken ſingly, 
will likewiſe be as the biquadrate 
Roots of the Cubes of their Lengths, 
tdthat is, as the Times of a Syſtole of 
their Hearts inverſly by the afore- 


ſaid Corollary, Now fince in theſe 


Inſtances, the Numbers of Pulſes in 
a Minute are inverſly as the Times 


of one Syſtole, and there is no Rea- 


ſon why this Proportion ſhould not 


be univerſal ; I ſhall therefore con- 


clude, that it is ſo: And that in all 
Bodies, P. p:: F. 7: But by the laſt 


Propaſition, V. v:: BT Ir: And 
therefore, V. v:: „ 
e To 
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Inches. 
Pulſes fro 
| Obſeryatio 


[Pulſes by 
the Theor 


© wv [Lengths in 
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25 137144 

18 150184 


FS) 
Dy 


— 


To ſhew the near Agreement of 


the Pulſes from Obſervation with the 
| Pulſes by the Theory, I have added 
this Table: Which contains in the _ 


firſt Column, the mean Ages of 1 


growing Bodies when they arrive 


at the Lengths in Inches ſtanding 
over 
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over againſt them in the ſecond 


Column; in the third Column, the 
mean Numbers of Pulſes in a Mi- 


nute in the Morning before Break- 
faſt when the Bodies were fitting; 


and in the fourth Column, the Num- 
bers of Pulſes in a Minute ſuppo- 
ling them to be inverſly as the bi- 
quadrate Roots of the Cubes of the 
| Lengths of the Bodies, and mak- 


ing 65 the firſt Number i in the third 
1 Cs: found from Obſervation, 
the firſt Number in this. In mak 1 


ing this Table, I neglected Fractions 
which were not near an Unit, and 
put an Unit inſtead of thoſe which 
were. 


It is to 1 dared; 1 the 


Number of Pulſes fro Obſervati- 5 


on of a Child newly born, falls con- 
ſiderably ſhort of the Number of 
Pulſes by the Theory. The Pulſe 

of a Child newly born can ſcarcely 

be perceived. I have often try'd to 


feel 


228 2 Treatiſe of the 
feel it and count its Numbers, Sr 


never ſucceeded: Once 1 reckon'd ; 
150 Beats or more in a Minute in 
a Child ſeven or eight Days old. 
And therefore, though e made 
150 the mean Number, yet I can- 
not ſay, that it is the true mean 
Number; but ſuppoſing it to be ſo, 
its falling ſo muc b 
ory, may in ſome meaſure be ac- 
counted for from the Nature of that 


ſhort of the The- Z 


Cauſe which diſpoſes Infants to ſleep 


almoſt” perpetually; which Cauſe 1 
by weakening the vibrating Motion 
of the Ether in the Nerves and 


Membranes of the Heart, muſt ne- 


ceſſarily make the Pulſe ſlower than f 
1 otherwiſe vould be. : = 


"hs 6 | The Weide of the 
Blood in the correſponding Blood- 


Veſſels of Bodies which are ſitua- 
ted alike with reſpect to the Hori- 


20n, » and whoſe Hearts are free from 
* the - 
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the Influences of all diſturbing Cau- 
ſes, are in Ratios compounded of 
the Ratios of the Lengths of the 
Bodies and the Ratios of the Num- 


bers of their Pulſes in a given Time: 


| For in this Caſe, the Magnitudes of 
the Quantities of Blood thrown out 


of the Ventricles of their Hearts in 
one Syſtole, are as the Capacities of 


correſponding Blood-Veſlels, that 
is, K. K.: D. L. d'; and cherefore, 
V. vi:LP.lp. 


E The ee of the = 
Blood in the correſponding Blood- 

| Veſſels of Bodies of equal Lengths, 
| when they are ſituated alike with 


reſpe& to the Horizon, and their 
Hearts are free from the Influences 


| of all diſturbing Cauſes, will be as 


the Numbers of their Pulſes in a 
= 2 Time, by the laſt Corollary ; 


by which, when J. I, V. v:: P. p. 
The ſame Proportion will obtain in 


S one 


— 2 — 2 * 
I 2 LS — 
r Tan >, 8 - — * 


4 Treatiſe 0 f the 


one . the ſame Body at two dif- -1 
| ferent Times, if the Body at thoſe 
Times be ſituated alike with reſpect _ 
to the Horizon, and its Heart be free _ 
from the Influences of all diſturb- _ 
ing Cauſes: For the ſame Syſtem _ 
having different Magnitudes at dif- 
ferent Times, may be conſidered as 
two Syſtems of equal Lengths. 
Cor. z. The Quantities of Blood, 
which in a given Time flow thro? 
the correſponding Blood-Veſlels of 
Bodies ſituated alike with reſpe& to 
the Horizon, when their Hearts are 
free from the Influences of all diſ- 
turbing Cauſes, are in Ratios com- 
pounded of the Ratios of the Quan- 
tities of Blood contained in their 
Syſtems of Blood-Veſſels and the 
Numbers of their Pulſes in a given 
Time. For the Quantities of Blood 
which flow through correſponding 
Veſlels in a given Time, are as the 
n of the Diameters of the Veſ- 
ſels 
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ſels and the Velocities of the Blood 
| ng through them taken toge- 


ther, that is, as D*'V and d'v ; But 


| v. VI. >, 4 DP, , by this Propoſiri tion. 


And K. 13 Q. ꝗ, the Denſity of the 
Blood being given; and therefore, 
the Quantities of Blood which flow 
h through correſpondin g Blood-Veſ- 
ſels in a er Time, will be as 


1 
iD an. 


p. 
The Quantities of Blood of a tall 


ad =P 2 „ that is, as Qp and 


3 ſtrong Man and of a Child newly 


e an ds De 


born, are as the Numbers 16 and 


13 and the Number of the Man's 
Pulſes in a Minute in the Morning, 


when he is fitting, is 65 by the 
foregoing Table; and if 5 Num- 
ber of the Child's Pulſes in a Mi- 
nute be 150, as it is there put 
down; the Quantities of Blood 

flowing through the Lungs of the 
Man and of the Child in a given 


+ 0. Time, 


x40 A Treatiſe of th 


Time, will be as the Numbers 104 
and 15. According to Tabor, each 
Es Ventricle of the Heart of the Man 
can contain 1500 Grains of Blood; 
and conſequently, when the Heart [4 
is not influenced by diſturbing Cau- | 7 
ſes, will throw out 5850000 Grains 


in an Honr: And each Ventricle of 
the Heart of the Child will throw _ 
i out $43750 Grains in the ſame 1 


Time. Therefore, about 835 and _ 
120 Averdupois Pounds of Blood U 
will paſs through the Lungs of the 7 
Man and of the Child in an Hour. 
If the Quantities of Blood of 


ſtrong well-proportioned Bodies be 


z part of their Weights, (as they are 
according to Gliſſon and Tabor) and 
if the Weights of a tall ſtrong well? 

proportioned Man and a ftrong 
well - proportioned Child newly 

born, be 168 and 107 Averdupors = 

Pounds; the whole Quantities of 

their Blood will be 14 Pounds and A 

3 of 
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of a Pound: And conſequently, as 
much Blood as is contained in the 
Body, will flow 59: times through 
the Lungs of the Man, and 137 
times through the Lungs of the 
Child, in an Hour. 


Cor. 4 | If Bodies be ſituated alike 
with coo to the Horizon, and 


their Hearts be free from Ale In- 
fluences of all diſturbing Cauſes; 
the Quantities of Blood which flow 


through their Lungs or other cor- 


reſponding Parts in a given Time 


in Proportion to the whole Quan- 


tities of Blood contained in their 
Bodies, will be as the Numbers of 


their Pulſes in a given Time: For 
the Quantities of Blood which flow 
through correſponding Blood Veſ- 


ſels in a given Time, are as QP 
and qp, by the laſt Corollary ; ; but 

QP 
Q 


and , are as P and p. 


Pro- 


| 142 A Treatiſe of the 


Propoſition xv. 


FE Bodies be (a tate alile 1 [3 
reſpect to the Horizon ; the Di- 


ameters of correſpondin g Blind Vef | 
ſels will be in the ſubquintuplicate 


Ratins of the Squares of the Produtts 


made by the Magnitudes of the Quan- 
tities of Blood thrown out of their 


| Hearts in one $ Mole and the Num- 


bers of their Pulſes 1 ma groen Time, 


| that is, D. d:: KP. EPG: The Velb- 
cities in correſponding Veſſels will be 
in the Jubqumtuphcate Ratios of rhoſe 


Products, that is, V. v: KB "Fs: 
And rhe Forces of their Hearts will be 
in Ratios compounded of the ſubquin- 
 tuplicate Ratios of the Biquadrates of 
the ſame Produtts and of the ſimple 
Ras of the Lengibs 77 rhe Bodies, 


that i is, F. Fi KP'xL. Kp xl. | 
4 | "Fog 


| 
1 


. tion, v. v7, 


* fore, F 


D. d.: KP 
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For the Forces of the Hearts of 


Bodies ſituated alike with reſpect to 
the Horizon, are as the Capacities 
of correſponding Blood-Veſſels, by 
the Proof of the 12th Pro ofition, 5 
that is, F. f:: D- L. dl: The ſame 
Forces are in Ratios compounded 
of the duplicate Ratios of the Ve- 
locities and of the ſimple Ratios of 
the Diameters and Lengths of the 
Bodies, by the 410 Corollary of the 4th 
Fropoſitian, that is, F. f:: VD 1. 


vidi: But by the 1475 Propoſe - 


KP K p 
* EP. ; and there- 


F. f. KP*xL KPN 
ä bo 


: And 


comparing Pn Proportion _ the 


Forces with the firſt, we ſhall have 


XL kpxl 
D- L. &l:: RG = 4 vhence 


2 


D* a 
1. 


Ex- 


144 — Treat f the 


Extracting the Square Root of 


7 lat Analogy, VD. „d :: KP. 


5 But V. v:: VD. Yd, by the | | 
I 105 þ Propeſ lion; and therefore, V. 
v: K P. Es. 


And ſquaring the ſaine Analogy, | 


D- di KPT. Ey: But F. fx: DL. 
d l; and therefore, F. f:: L. 
kp 1 


Cor. 1. Te two Bodies of i 


Lin gths, or one and the ſame Body 


at two different Times, be ſituated 
alike with reſpe& to the Horizon; 


the Forces of the Hearts of the two 
Bodies, or of the Heart of the ſame 


Body at the two Times, will be in 
Ratios compounded of the ſubquin- 
tuplicate Ratios of the Biquadrates 
of the Products made by the Mag- 
nitudes of the Quantities of Blood 
thrown out in one Syſtole and the 
| Num- 
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Numbers of Pulſes in a given Time; = 


ILA; then vill F. fi: KP. 5p 


"Os. + 600 Dindiec: of equal 


; Lengths, or one and the ſame Body 


at two different Times, be ſituated 
| alike with reſpe& to the Horizon; 
and if the Heart of the two Bodies, 
or the Heart of the ſame Body at 

thoſe Times, throw out in one Sy- 

ſtole Quantities of Blood whoſe 
Magnitudes are equal, that is, if 


I., and K: Then, D. 4 
5. and V. vn Pf. Pe and. fab. 


5 N. 


Example, 


Exam. 1. I from ſome Cauſe the 
| pulſe of the ſame Body become 
twice as quick as it is in the Mor- 
ning when the Body is fitting, and 
| the Heart 1 18 free _ the Influen- 
| ces 


„ — 


— ——— D222 


1% -'2 Treaviſe o of be 


ces of all diſturbing Cauſes; zandifit 
become greater than under the Cir- 
cumſtances now mentioned, from 
the Heart throwing out its afualMag. = 
nitude of Blood in half the Time, 
that is, if P. p:: 2. 1; and K=k : 
Then by the ſecond C vrollary of this 
Propoſition, D and d will be as the 
Numbers 13195 and 10000, V and 
vas the Numbers 11487 and toooo, 
and F and f as the Numbers 174111 
and 10000. This ſeems to be pre- 
ty much the Caſe of a grown Body _ 
heated by an ardent Fever, or vio- 
| lent Exerciſe, in which the Pulſe is 
greater than ordinarily, and beats 
about twice as faſt as it does in the 
Morning, when the Body is ſitting 
and its Heart is free from the Influ- 
ences of all diſturbing Cauſes; and 
therefore, in a Body ſo heated, the 
Diameters of the Blood-Veſſels will 
be increaſed in the Proportion of 
I 13195 to 10000, the Velocity of 


the 
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the Blood in the Proportion of 


11487 to 10000, and the Force of 
the Heart in the: 'Fropartibn. of 
1 17411 to 10000. 


Exam. 2. If the Palſec of the Gln 


| Body be quicker at one Time than 
at another, in the Proportion of 80 
to 70; and if it be greater from the 
Heart throwing out its uſual Mag- 
nitude of Blood in a leſs Time, that 
is, it P. 5 80. 70; and K=k: 
| Then, b by the ſecond Corollary of 


| this Propoſes tion, D and d will be as 


the Numbers 10549 and 100090, V 


, and V 48 the Numbers 10270 and 


10000, and F and f as the Num- 
bers 11127 and 10000. The Pulſe 
is quicker and greater in the Af- 
zernoon, than it is in the Morning; 


and from many Obſervations, tak- 
ing one Hour with another of thoſe 


two Times, it is quicker in grown 


Bodies one with another, in the Pro- 
: deen of about 80 to 70: And 
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| therefore, the Diame- 
ters of the Blood-Veſ- 
| ſels of the ſame Body | 
will be greater than in | 
the Morning, taking 
one Hour with ano- 
ther, in the Proportion 
of 10549 to reo000,the 
Velocities in the Vel- | 
ſels will be greater 
in the Proportion of | 
104370 to 10000, and | 
the Force of the Heart 
| will be greater in the | 
| Proportion of 11127 
to 10000, | 

I have added: this 
f Table, to ſhew theTe- 
nour of the Pulſe at 
different Hours of the 
Day 


; it contains the 


Numbers of Pulſes in a f 
Minute of two health- _ 
and B, when ſitting, at at 


the 


| 
Dd | 
- 
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che ſeveral Hours from eight 2 
Clock in the Morning to eleven at 
Night. Theſe Numbers, are Means 
drawn from a large Number of Ob- 
ſervations; thoſe of A, from the Ob- 
ſervations of twelve Weeks; and 


thoſe of B, from the Oi re 


of three Weeks. A eat his Break- 
faſt between nine and ten, B his 
before nine; they both dined toge- 


ther at bo, at hich Meal B eat 


more plentifully than A; and they 
eat little or no Supper. 


From this Table it appears, that 


thePulſe is flower in the Morning, 
than at any other Time of the Day; 


that it grows ſometliing quicker be- 
fore Breakfaſt, and a little more ſo 


after it; that it grows {lower again 


before Diher, and quicker i imme- 
diately after Dinner; and that the 
Quicłkneſs acquired by this Meal, 


continues for about three or 1 e 
Hours, andthen abates a little; and 


_CON= 


150 A Thraaife of the 
continues in that State, without a- 
ny conſiderable Change, in Bodies 
which eat and drink little at Night, 


till they go to Reſt. 5 
Exam. 3. If from ſome Saut the = 


Pulſe of the fame Body becomes 


quicker than it is in the Morning, 
when the Body is ſitting and its 
Heart is free from the Influences of 
all diſturbing Cauſes, in the Pro- 
portion of 2 to 1; and if it becomes 


ſmaller, from . Heart throwing | 


out in each Syſtole but a fourth part 
of the Blood which it throws out in 
the Mornin g under the Circumſtan- 
ces now mentioned, that is, if P. 


p::2.1; andK.k: 1. 43 Then, by 


this Propoſition and its firſt Corolla» | 


ry, D and d will be as the Num- 
bers 7578 and 10000, V and v as 
the Numbers 8705 avid 10000, and 
F and fas the Numbers 5743 and 
r0000, If this be nearly hs Caſe 
of a grown ih in a —_— 
Fever, 
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Rur the Cold Fir of an Aue, 


Condulſions, and ſome other Diſ- 
eaſes; then, when the Body is ſit- 
ting, the Diameters of correſpond- 
ing Blood-Veſſels will be leſſened in 
the Proportion of 7578 to 10000, 
the Velocities in the Veſſels will be 
leflened in the Proportion of 8705 
to 1oooo, and the Force of the 
Heart will be leſſened in the Pro- 
portion of 5743 to 10000. 
Now ſince in the Caſes menti- 
| oned in this Example, i in which the 


Force of the Heart is leſſened, the 


Skin is much paler and colder than 
in a natural and healthful State; and 
is extremely pale and cold in dead 
Bodies, in which the Force of the 
Heart is wholly deſtroyed: And on 
the contrary, ſince in the Caſes 
mentioned in the fr/ Example, in 
which the Force of the Heart is in- 
creaſed, the Skin is much redder 


_ and v warmer than i in a natural and 


health- 
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healthful State: We may from the 
Colour and Warmth of the Skin, 
moſt certainly judge of the Force 
of the Heart; and at the ſame time 
ſee, how as that Force gradually lef- 
| ſens, the Compaſs of the Blood's 
Motion gradually contracts; till at 
laſt, that Force wholly ceaſing to | 
act, the Motion wholly ceaſes, ven 


in the largeſt Veſlels neareſt to the | 


Heart. 


© Se est PISCES) 


8 — . D — •— ä —m ꝛu— ͤ ' — — — ——— ͤ 


OD 


Propoſition XVI. 


: 7 F the Catamenia flow through Fo- 


© ramina in #he Sides of the Blood- 
Veſſels of the Uterus into its Cavity, 
of there be the ſame Number of cor- 
reſponding Foramina in the Sides of © 


correſponding Bluod -Veſſek in all 


healthful Bodies, if this Diſcharge 


continues a grven Number of Days, 


and during that Time of its Continu- 


ance 
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ance Bodies be ſituated alike with re- 
ſpelt to the Horizon ; the Quantities 

if one Diſcharge of grown Bodies will 
be in Ratios compounded of the du- 

pPlicate and ſubduplicate Ratzos of the 
Diameters of correſponding Blood 
Veſſels, that is, putting C, c for the 
Quantities of one Diſcharge of two 
_ grown Boucher, C. c:: DD. dvd. 


” For the ok. Quantities of 
Blood diſcharged by two healthful 
Bodies in a given Number of Days, 
will be as the Quantities diſcharged 
by any two correſponding Foram- 
na in that Time; and the Quanti- 
ties diſcharged by two correſpond- 


ing Foramma, will be as the Squares 


of their Diameters and the Veloci- 


ties wherewith the Blood flows thro? 
them, taken together: But the Di- 
ameters of two correſponding Fo- 
ramina are as the Diameters of two 
ee Blood-Veſſels; and 

8 the 


1 54 . 8 Treatiſe oft the 
Velocities wherewith the Blood 


flows through the Foramina, are as 
the Velocities wherewith the Blood 


0 flows through thoſe Veſſels: And | 


therefore, the Quantities diſchar- | 


ged by two correſponding Fami- 
na, will be as the Squares of the Dia- 
meters of two correſponding Blood- 
Veſſels and theVelocities wherewith 
the Blood flows through them, ta- | 
ken together, that is, as D'V D and 
d-; for by Prop. 12. V. v. : D. 
d: And the whole Quantities of 
one Diſcharge of two healthful Bo- 
dies fituated alike with reſpect to 
the Horizon, which are as the Quan- 
tities diſcharged by two correſpon- 
ding Foramina, will be as D'vD and 
d'yd, that is, © c:: DVD. dd. 


the 1. Since this Diſcharge uſu- 
ally begins in theſe Countries be- 
tween the Ages of 14 and 16 Years, 
at which Ages Bodies are not come 
to 
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to their full Growth; it is evident, 
if this Propoſition be true, that this 


Diſcharge will continually increaſe 
from its firſt Appearance till that 


Time; for both the Foramina grow 


larger, and the Velocity of the 


Blood increaſes, while Bodies are 


growing; and it will likewiſe in- 


creaſe, from ſome of the Foramina 


being naturally ſmaller than others, 
on which Account they will neceſ- 
ſarily, not all at once, but ſucceſ- 


| ſively, become large enough to let 


the Blood pals through them. 


Cor. 2. If this Propoſition be true, 
this Diſcharge will begin ſooneſt 6d BE 
be greateſt in Bodies which have the 
largeſt Blood-Veflels: For it will be- 


gin when the Foramina are grown 


arge enough to let the red Parts of 


the Blood (which are its largeſt 


Parts) paſs thro' them; but they will 


be ſooneſt large enough to do this, 
in Bodies which have the largeſt 


U * Blood- 


1 56 A Treatiſe of the 

Blood-Veſlels : And the Quantities 
of a Diſcharge will be greateſt, be- 
cauſe the Foramima are largeſt, and 


the Velocity of the Blood i is great- 
eſt, in ſuch Bodies. 


Chr, z. he Quantities of this 
Diſchar ge in grown well-proporti- 
oned Bodies of different Lengths, 15 
and its mean Quantities in all grown 
Bodies of different Lengths taking 
thoſe of each Length one with an- 
other, will, if this Propoſition be 
true, He? in Ratios compounded of 
the imple and the ſubquadruplicate 
Ratios of the Lengths of the Bo- 
dies; the Diameters of correſpond- 
ing Blood-Veſlels i in theſe Caſes, be- 
ing in the ſubduplicate Karios of 
thoſe ps by Cor. 4. Prop. 12. 


Cor. 4. Hence it appears, that 
this Ditharce will be increaſed by 
all Things which ſwell the Blood- 
Vellels; and on the contrary, leſ- 
—ſencd 
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ſened by all Things which contract 


them: And therefore, it will be in- 
creaſed by whatever increaſes the 


Power of the Heart, and heats the 


Blood; and leſſened by whatever 


leſſens the Power of the Heart, and 
cools the Blood; for the Rood: 


Veſſels ſwell or contract, as the Force 


of the Heart is increaſed or leſſened 
Iv or Cold, or other Cauſes. 


Cor. 5. Hence it appears, that a 
Diſcharge muſt continue till the 
Blood- Veſſels and Foramma are ſo 
far contracted by the Loſs of Blood, 
that the Foramzima are too ſmall to 


let the red Parts of the Blood paſs 
thro' them; and then it will ceaſe 
for that Tine. and not return a- 


gain till the loft Blood be regained, 
and the Blood-V eflels and Forami- 


na be enlarged to the Dimenſions. 


they were of at the coming on of 


the . Discharge; and then 


another 


190 A Treatiſe if the - 


another Diſcharge will begin, con- 
tinue the ſame Time, and go off as 
that did. Thus this Diſchar ge ha- 


pens once a Month, in which Time 


the loſt Blood is regained; continues j 


in theſe Countries till about the | 
Age of 50; and then wholly ceaſes, | 
from hs Foramina being too ſmall | 
to let the Blood paſs thro* them. 


And the Foramma become too ſmall 1 


from a Rigidity in the Blood-Veſ- 


ſels, which hinders them from be- 1 


ing dilated by the Blood as uſually : 
For it appears both from Anato- 
my and common Experience, that 


the Blood-Veſſels and other ſolid 4 


Parts become more rigid, as Bodies 
advance in Vears. 8 


e & S SS. e. Er O cb E „ 
Propoſition XVII. 


7 FQ the Quantity of of f Blood con- 
tained in a bealihſul Body be- 


fore 
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fore a Diſtharge of the Catamenia 
begins, and P and p the Numbers of 


| Pulls in a Minute a little before and 
after the Diſcharge when the Body 
As ſitting and its Heart is free from 
Ig) Influences of all diſturbing Cauſes, 
be all known; C the Quantity of the 
Diiſcharge will be known, for it will 


[4 be equal 70 A 3 ; 


PS For ge Heart bein g ſup poſed to 


be free from the Influences of all 
diſturbing Cauſes before the Diſ- 


charge and after it, the Heat and 


| Denſity of the Blood will both of 
them be the ſame before and after; 


and therefore, if q denote the han- | 


. 7x7 tity of Blood contained in the Bo- 
dy after the Diſcharge is over, V. 


* Q. q., by Cor. 3. Prop. 123 and 


2 V. v:: P. p, by Cor. 2. Prop, 145 and 


from theſe two Analogies, Q 45 


60 A Treatiſe if the e | 
Bax and Q-. Q :: P p- P': 


But l and conſequently, "8 


C p- P*; and 8 C 


For Example, If the Quantity of 
Blood contained in the Body at the 


Beginning of the Diſcharge be 11 
Averdupois Pounds, and the Pulſes 
in a Minute * and after the | 


Diſcharge when the Body is fitting 
and its Heart is perfectly free from 
the Influences of all diſturbing Cau- 
ſes be 74 and 73; the Quantity of 

2 Diſcharge will be above 9 Oun- 


: If the Quantity of Blood be # 


by ads and the Pulſes in a Mi- 
nute before and after be 74 and 72 ; 
the Quantity of the Diſcharge will 
be above 18 Ounces. 
1 have found from . 
that the Pulſe is quicker before the 
Diſcharge than after it. The Pulſe 
of a well-proportioned Body 64 
Inches 
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1 Inches high, in which this Diſcharge 
' was very ſmall, was obſerved at e- 
very Hour of the Day for 8 Months 

together; and the Pulſe of another 
Body fix Inches ſhorter, in which 


this Diſcharge was very great, was 


_ obſerved at every Hour of the Day 
for a Month; and the mean Num- 
bers of pulſes in a Minute, taken 
from all the Obſervations made on 


the two Bodies in the Week before 


and Week after the Diſcharge, were 
74 and 72 in the taller Body, and 
795 and 75 in the ſhorter. The 
Differences of theſe Numbers be- 
fore and after the Diſcharge, are 
too great for the Quantity of the 


Diſcharge 1 in theſe Climates : which 


l believe does not ordinarily exceed 


12 Ounces in tall and well-propor- 


tioned Bodies. And if from more 


Obſervations of the Pulſe of per- 


fectly healthful Bodies which have 
this Diſchar ge in due Quantities it 


- 2 --— ſhall 


— . 1 
— — — —— — 


I 6 2 2 Treatf of the 


ſhall be found, that the Differences | © 
of its Numbers before and after the | 


5 Diſcharge make it greater than it 


really is in theſe Climates; then | 
the Quantity of a Diſcharge cannot | 


be determined by this Propoſition, 
which ſuppoſes the Heart before and 
after the Diſcharge to be free from 
the Influences of all diſturbing Cau- _ 


ſes: But it may be determined by the 


next Propoſition, when from 8 
riments and Obſervations all the 
Terms uſed in it ſhall be known. 


ODS e ee e ee ee ee 
Propoſition XVIII. 
F Q vhe Quantity of Blood con- 
trained in the Body at the Begin- 
ming of a Diſcharge of the Catame- 
nia, P and p the Numbers of Pulſes 
zu a Minute when the Body is ſitting, 
K and k the Magnitudes of the Dnan- 
titres of Blood thrown out of the Heart 
in 
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in one Syſtole, and & and # the Den ſi- 

ties of 5 Blud, before and after the 
Diſcharge, be all known ; the Qua- 
zity of a ate of will be known, 


for =. KP A. 2 


4 


KPN 


For the Capacities af one and the 


3 : ſame Blood- Veſlel before and after 


the Diſcharge, are as the Squares of 


its Diameters ; which Squares when 


uz the Body is ſiting are as Ke and 


kp ' by the x 52h Propoſiti nion: And the 


Quantities of Blood contained in 


one and the ſame Blood -Veſſel at 


z thoſe Times are as the Squares of 


its Diameters and the Denſities of 
the Blood taken together: But the 
Quantities of Blood contained _ 27 
the whole Body, are as the Quan- 


tities of Blood contained in one and 


the fame Blood-Veſſel when the 


＋ 
A. 


» 7 Body 
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ſhall be found, that the Pitkerende : 


of its Numbers before and after the | 
Diſcharge make it greater than it 


really is in theſe Climates; then 


the Quantity of a Diſcharge cariugt ; . 
be determined by this Propoſition, 


which ſuppoſes the Heart before and 
after the Diſcharge to be free from 
the Influences of all diſturbing Cau- 
ſes : But it may be determined by the 
next Propoſition, when from SY 


riments and Obſcrrations all the | 


Terms uſed i in it {ball be known. 


ee ee ee ee ee ee es 
Propoſition XVIII. 

P Q rhe Quantity of Blood con- 
ftained in the Body at the Begin- 
aing of a Diſcharge of the Catame- _ 
nia, P and p the Numbers of Pulſes _ 
in a Minute when the Body is ſitting, 
K and k the Magnitudes of the 5 5 
tities of Blood inn out of the Heart 
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in one Syſtole, and & and 4 the Denſi- 
tres of the Blood, before and after the 
Diſcharge, be all known ; the Quan- 
my of a PORE will ve known, 25 
= | _ 8 f 
I for C= & . 2 * 


Ke. 


For the Capacities of one and the 
ſame Blood-Veſſel before and after 
the Diſcharge, are as the Squares of 
its Diameters; which Squar es when 


the Body 18 fitting are as Kp and 


tp by che 157% Propoſition: And the 
Quantities of Blood contained in 


one and the ſame Blood-Veſſel at 


thoſe Times are as the Squares of 


its Diameters and the Denſities of 
the Blood taken together: But the 
Quantities of Blood contained in 
the whole Body, are as the Quan- 
tities of Blood contained in one and 


the ſame Blood- Veſſel when the 


3 Dey 


1 
wo 


404 Arai If the 


Body is ſitting: And therefore, the 
' Quantities of Blood contained in 


the whole Body | before and after the 
Diſcharge, are as Kb X A and 75 , 
that is Q. q: Kp. *. — 5 3 ; whence 


5 . eee 


Kb * 
Oo: 1. Tf the Degrees of Heat i in 


ps Blood, and conſequently its 
Denſities, before and after the Diſ- 
charge, be equal; and if the Mag- 


nitudes of the Quantities thrown out 


in one Syſtole before and after be 


likewiſe equal, that i is, if A, and 


k; then will Cz= Q. 
Og FP 


For Example, If the Quantity of 
Blood contained in the Body when 


the Diſcharge begins be 11 Pounds, 


and the Numbers of Pulſes in a Mi- 


A 
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nute before and after the Diſcharge 
v hen the Body is fitting be 74 and 


70; the Quantity of the Diſcharge 
will be above 7: Ounces ; and near 
9 Ounces, if the Quantity of Blood 
in the Body when the Diſcharge be- 


gins be 12 Pounds. It is to be ob- 


ſerved, that the Degrees of Heat in 
the Blood before and after the Diſ- 
charge, may be known by a Ther- 
mometer truly adjuſted: Nod by the 
Fulneſs of the Pulſe we may judge 
of the Magnitudes « of the Quantities 
of Blood thrown out in one Syſt- 
ole: And therefore, from Experi- 
ments and Obſervations carefully 
made by Perſons who have an Op- 


portunity of doing it, the Quanti- 


ty of a Diſcharge may be nearly 


5 known * this — 71100, 


Pro- 
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SSSSS SSL e er e . 
| Propoſition XIX. Problem II. 


H E Blud-Veſſels of a particu- 
lar Part of the Body being oh- 
or opened, contratted or di- 

lated; to determine the Changes made 
in the Vehccities of the Blood and Mag- 
nitudes of the „ of all the 
other Parts, 


1 Caſe I. If the Arterial Trunk of 
= a Part be obſtructed or contracted, _ 
3 ſo as either wholly or in ſome he 
= gree to hinder the Blood from flow- | 
ing chrough that Part ; the Velo- 
city will be increaſed i in all the o- 
ther Parts, and its Increaſe will be 
greater or leſs, cæteris paribus, as 
the Arterial Trunks of thoſe Parts 
are nearer to or farther from the 
Trunk which is obſtructed or con- 


tracted, ” Cor. Fr. 2 


— 
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The Blood- Veſſels of the Part 
whoſe Artery is obſtructed or con- 


tracted will contra& and grow leſs, 
from a Deſtruction or Diminution 
of the Force of the Blood's Motion 
which before the Obſtruction or 
Contraction of the Trunk kept 

| thoſe Veſlels diſtended: And the 
Blood- Veſſels of all the other Parts 
will ſwell and grow larger, by the 
Force of the augmented Motion of 


the Blood ; and their Swelling and 


Enlargement will be greater or leſs, 
ceteris paribus, as they are nearer 
dos or farther from the obſtructed 
odr contracted Trunk. Like Chan- 


ges will be made in the Velocities 


of the Blood and Magnitudes of the 
Blood- Veſſels of all the other Parts, 


if, inſtead of the Arterial Trunk o 
a Part, any of the Branches of that 
Part (whether Arteries or Veins) be 
obſtructed or contracted ; becauſe 


ſuch Obſtruction or Contraction will 


leflen 


.* . 
* . — —— —— — — — — — — — cos — 
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lefſen the Velocity in the Arterial 
Trunk, by Cor. 2. Prop. 5; and 
by Conſequence, will . like 
Changes in the Velocities and Mag- 
nitudes of the Veſſels of the other 


Parts, as would be produced * a 


= real Contraction of that Trunk. 


Cafe II. If the Arterial Trunk of 
a Part be opened or dilated, the 


| Blood will flow faſter into that 


Trunk and flower through all the 
other Parts of the Body than it did 
before; and the Fr of Ve- 
locity in the other Parts will be 
oreater Or leſs, ceteris paribus, as 
they are nearer to or farther from 
the Trunk which is opened or di- 
lated, by Cor. Prop. 7. 

If the Trunk be 3 and the 
greateſt part of the Blood which 
flows into it flow out of the Ori- 
fice; the Veſſels of that Part will 
contract and grow leſs, from the 


Blood 
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Blood running ont of them, and 
their not receiving their afiial Sup- 


ply to keep them diſtended. And 


5 = Veſſels of all the other Parts will 


| likewiſe be contracted, from a Dimi- 
nution of the Velocity of the Blood 
in them; and their Contraction will 

he greater or leſs, ceteris partbus, 
as they are nearer to or farther 


from the Trunk which is opened; 


and they will undergo like Chan- 


ges of Magnitude, when the Arterial 


Trunk is only dilated; tho' the Veſ- 


ſels of the Part ſupply'd by the di- 


lated Trunk will all (well and grow 


larger, contrary to what happened to 
them when the Trunk was opened, 


| LikeChanges will be made in the Ve- 


locities and Magnitudes of the Veſſels 
of other Parts, when inſtead of the 


Arterial Trunk one or more of the 


Branches (whether Veins or Arte- 
ries) of a Part are opened or dilat- 


ed. Fora Dilatation or Opening 
* of 
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of any of the Branches will increaſe 
the Velocity i in the Arterial Trunk, 
by Cor. 1. Prop. 5; and by Conſe- 


| quence, will * like Changes 1 
in the Velocities and Magnitudes of 


the Veſſels of the other Parts as 
would be produced by a real Dila- 


tation or Opening of the Arterial 
: Trunk. 


"© aſe z. 1 he Venal Trunk of; * 
8 part A, el or contracted, 
the Blood will thereby be either to- 


tally or in ſome meaſure hindered 


from flowing out of the Part; on 


which Account, its Veſſels will ſwell 
from the Blood fowing faſter into 
than it flows out of them for ſome 
little Time till they can be no far- 
ther diſtended: After that, if leſs 
Blood flow into the Arterial Trunk 
of the Part than did before; like 
Changes of Velocity and Magni- 


tude will be produced in the Blood- 


Veſſels 
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Veſſels of all the other Parts, as 


were produced in them by the Ob- 
ſtruction or Contraction of the Ar- 


terial Trunk by the i Caſe. 


Caſe 4. If the Venal Trunk of a 
Part be opened or dilated, the Blood 
will flow faſter thro? the Part than 
it did before; becauſe the Aperture 
or Dilatation either takes off or leſ- 
ſens the Reſiſtance ariſing from the 
Blood which lies before it: The 
Velocity therefore will be increaſ- 
ed in the Arterial Trunk, and it 
will be leſſened in the Veſlels of all 
the other Parts; and its Diminution 
in thoſe Veſſels, and the Contrac- 


tion of their Magnitudes conſequent 


thereon, will be greater or leſs, c- 
teris paribus, as the Veflels are near- 
er to or farther from the Part whoſe 
Vein is opened or dilated, by the 
ſecond Caſe. The Veſſels of the Part 


whoſe Venal Trunk is opened will 


; = 0, con- 
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Contract, notwithſtanding the Ve- 19 
locity of the Blood in them is i- 
creaſed: For by the Aperture, the | 
Reſiſtance given by the Blood ly- | 


ing beyond it to the Motion of 
the Blood through the Part, will 


be taken off; and by Conſequence, 


the Velocity of the Blood flowing 


through the Part will be increaſed: | 
But this Increaſe of Velocity begin- 1 
ning in the Vein at the Place of A- 


perture, and thence ſucceſſively run- 


ning thro' the Venal and Arterial | 


Branches, and at laſt ending 1 in the 
Arterial Trunk. it is evident, that 
more Blood wall. in a given Time 


flow out of each of theſe Veſlels, | 


than flows in; and by Conſequence, 1 


all theſe Veſlels will be contracted ; 
and the Contraction will firſt be⸗ 
gin, where the Increaſe of Velocity 


firſt began, and ſucceſſively go thro- 
the Veflels in the ſame Manner as 


that did. 
Ce. 
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| "Os, 1. Hence it appears, that if 
a part be overloaded with Blood, it 
will be ſooneſt emptied by opening 
the Veſſels of the Part it ſelf; and 
next, by opening the Veſſels of the 


Parts which are neareſt to it. 


Cðr. 2. If the Blood flow too faſt 
into ſome one Part, from an Aper- 
ture or Dilatation 'of ſome of its 

Blood - Veſſels; the preternatural 
Influx of Blood into this Part will 
be leflened by increaſing the Mo- 
tion of the Blood thro* the other 


Parts. 


Cor. 3. If the Blood flow too 
flow into ſome one Part, from an 
Obſtruction or Contraction of ſome 
of its Blood-Veſſels; the Motion 
through this Part will be increaſed 
by contracting the Veſſels and leſ- 
ſening the Motion thro' the other 


Parts. 
N. B. 
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N. B. There may perhaps be 
ſome little Diſturbances given to 


theſe Laws of Apertures and Ob- 
ſtructions, Dilatations and Con- 


tractions of the Blood-Veſſels, from | 


ſeveral Inoſculations of Arteries with 
Arteries, and Veins with Veins ; but 
as theſe Diftuckances cannot be ac- 
curately determined, ſo neither can 
they be conſiderable ; as appears 


from the Succeſs of Practice groun- 85 
ded on theſe Laws. 


2e 88 Se ess Dee D Dees Se 
Propoſition XX. Problem ll. 


O determine the Changes made 
I # the Velocities of the Blood 
aud Magnitudes of the Blood-Veſſels 
in different Parts of the Body, when 
it is ſituated differently wah reſpect 
zo the Horizon. 


'The 
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The correſponding Arteries and 


Veins are every where contiguous ; 


and the Veins are larger than their 
_ correſponding Arteries, and con- 
ſeequently, contain a greater Quan- 

tity of Blood: On which Accounts, 

when the Force of Gravity in a Vein 


conſpires with or oppoſes the Mo- 


tion of the Blood through it, that 


Motion will be more increaſed or 


leſſened by the Force of Gravity in 
the Vein, than it is leſſened or in- 
creaſed by the ſame Force in the 
correſponding Artery; and more 
or leſs Blood will by Virtue of this 
Force flow through the Vein, than 
woill flow through the Artery in the 
' ſame Time; and therefore, if the 
Vein and Artery be the two Trunks 
of a Part; more or leſs Blood will 
| flow out of the Part than flows in, 
and the Blood-Veſſells of the Part 
will be contracted or dilated. For 
| Inſtance, in the Day when the Bo- 


Moꝛrion of the Heart. 
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dy is erect, Gravity conſpires with 
the Motion of the Blood from the 


Head, and oppoſes its Motion from 


the Legs; and in the Night, when | 
the Body is horizontal, Gravity nei=- | 
ther conſpires with nor oppoſes the | 
Motion from theſe Parts: And hence 
the Head will contain leſs, and the | 
Legs more Blood, in the Day than 
in the Night. e 


Sede 


Propoſition XXI. Problem IV. 


"T" O determine the Influence and 


Power of the Soul over the © 


| Thar the Soul has a very great 


Power over the Heart appears from 


the following Inftances. A dying 
Man who had had little or no Pulſe, 
and had been in cold clammy 


Sweats for ſeveral Hours, was by 
| 7 * 


In 


an Accident exceedingly alarmed, 


and thrown into the greateſt Dis = 
turbance of Mind; upon which his 
Heart and Blood. gradually reco- 


vered their Motions to a conſide- 


rable Degree, and kept them above 


an Hour, till his Mind grew calm 
and eaſy; and then they loſt them 


again, and he died in WA than half 
an Hour. A ſtrong Extenſion of 
the Legs and Arms by the Power of 
the Will, has quickened the Pulſe 
20 Beats in a Minute, and at the 


fame Time made it fo low, that it 
could ſcarcely be felt. The Pulſes 
in a Minute of a Man lying, ſitting, 
ſtanding, walking at the Rate of 
two whlles 3 in an Hour, at the Rate 
of tour Miles in an Hour, and run» 
ning as faſt as he could, were 64, 
68, 78, 100, 140, and I 50 Or more. 


When a Body ſtands up, the Pulſe 


| begins to grow quicker the very 


the 
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ant the Body begins to riſe, or 


e e 


1978 A Treatiſe of the | 


the Soul begins to exerciſe the po- 
er which raiſes it; and when a Bo- . 

5 dy moves, it grows ſtill quicker -and | ; 
| He Soal exerciſes more force to | | 
| move the B I dy, in | Proportion 70 3 | 


the Quickneſs of the Motion: When 


a Body firſt ſtands up and begins 
to move, the Pulſe is ſmaller than 
it was before; but grows greater by 
Degrees, as the Body grows warm 
by the Motion. A Fit of Laughj- 


ing has quickened the Pulſe 25 Beats 


in a Minute: And breathing volun- 


tarily three or four Times faſter 
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than uſually, has quickened it 13 
or 14 Beats: The Pulſe is quick- _ 
ened by coughing, ſwallowing, read- 
ing loud, or by any Motion that is 
performed by the Power of the Soul. 
1 rom hence it appears, that the Mo- 

tion of the Heart is changed me- 
diately or immediately, by every 
Change made in the Affections, Ac- 
tivity or Power of the Soul. 


US 
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Of Reſprration. 
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Propoſition XXII. 


IF a Wind blow uniformly, and a 
heated Body be placed in it to cool; 
the Time of its cooling will be greater 
or leſi, as the Quantity of Matter in 
' the Body, or its Degree of Heat at 
' the Time of its being firſt placed in 
the Wind, or the Degree of Heat in 
the Wind, is greater or leſs ; or as the 
Surface of the Body is leſs or greater. 


Peor if the Degree of Heat in the 
Body at the Time of its being firſt 
plwkKkwùzced in the Wind, and the De- 

gree of Heat in the Wind, be both 
given; the Time of its cooling will 
de as the Quantity of Heat in the 

Body in Proportion to the Meaſure 


Tx accord- 
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according to which it is cooled : But 
the Degree of Heat in the Body be- 
ing given, its Quantity of Heat will 
be as its Quantity of Matter; and 
the Surface of the Body is the Mea- 
ſure according to which it is cool- 
ed: And therefore, the Time of 


cooling will be as the Quantity of 


Matter in the Body in Proportion 
to its Surface; and by Conſequence, 
will be oreater or leſs, as the Quan- 
tity of Matter is greater or leſs, or 


as the Surface is leſs or greater : + # 


the Body, and Degree of Heat in the 


Wind, be both given; the Time 


of its cooling will be greater or leſs, 
as the Degree of Heat in the Body 


when firſt placed in the Wind is 


greater or leſs. From what Sir RY 
Newton has proved in his Scale of 
the Degrees of . Heat, it is evident, 
that the Time of the Body's cool- 
ing will not be proportional to its 


Heat when firſt placed inthe Wind: 


For 


n 
9 


fore, the Propoſition is true. 
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For if one and the ſame Body has 
different Degrees of Heat, the Times 

of its cooling will be in Arithme- 
tick Proportion, when the Degrees 
of Heat are in Geometrick Progreſ- 


ſion; whence the Time of cooling 


in Proportion to the Heat, will for 


the moſt part be greater when the 


Heat is leſs; and therefore, the Time 
of cooling will not be proportional 
to the Degree of Heat in the Body 


when firſt placed in the Wind: And 


yet notwithſtanding this, it will e- 


ver be greater when the Heat is 


greater, and leſs when it is leſs 1 
which is all that is affirmed in the 
Propoſition. If the Body, and its De- 


gree of Heat when firſt placed in 


the Wind, be both given; the Time 
of cooling will be greater or leſs, 


as the Wind is warmer or colder, 
that is, as the Degr EE of Heat in the 
Wind is leſs or greater: And there- 


. 
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Cor. 1. If a Body of a given Fi- 


gure be heated to a given Degree, 
and then placed in a Wind blow- 
ing uniformly, and the Degree of 
Heat in the Wind be given; the 
Time of its cooling, vil be as a 
given Side and the Denſity of the | 
Body taken together, as is evident 
from the Proof of this Propoſition. 
If the Body be a Cube, I Time 
of its artis will be as the Side 
and Denſity of the Cube; and if a 
Globe, as the Djariiever and Denſity 
of the Globe; taken together. 


Cor. 2. If a homogeneal Body of 
a given Figure be heated to a given 


Degree, and then placed in a Wind 
blowing uniformly whoſe Heat is 
given; the Time of its cooling will 
be as a given Side of the Body. If 

the Body be a Cube, the Time of 
its cooling will be as the Side of the 
Cube; and if e as its Dia- 


meter. 
. 
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Propoſition XXII. 5 


BY a Wind 22 uniformaly, 155 a 
heated Body be placed in it 10 
Tt the Heat which the Body when 
firſt Placed 3 in the Wind wt - com 
 municate t6 the Air, and conſequent- 
ty hoe, in a very ſhort given Time, 
oo 2271 be as the Heat and Surface of 
be Body talen together direitly, and 
| the Heat of the Air inverſly. 7 S de- 
nꝛuote the Surface of the Body, H ts 
F Degree of Heat when asd in the 
Wind, and h the Heat that is com- 
. unticated 70 the Air and loſt in the 
: Body i in a very Short 2 given Time; 1 


” * that h will be as . ” 


For the Wind bloving ien 


, the Air heated by the Body will 
be 7 carried off by the Wind, 
and 
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and other Air ſucceed into its place 
with an uniform Motion; by which 
Means, equal Parts of Air will be 
| heated by the heated Body in equal | 
Times, and conceive a Heat pro-; 
| portional to the Heat of the Body; | 
and conſequently, one and the ſame 
heatedBody, placed in aWind blow- 
ing uniformly whoſe Degree of Heat 
is given, will when firſt placed in the _ 
Wind communicate to the Air, and 
conſequently loſe, in a ſhort given 
Time, a Heat which is proportional 
to the Heat of the Body : If the Bo- 
dy be different, but its Degree of 
Heat, and the Degree of Heat in the 
- Wind, be both given; the Body will 
communicate to the Air, and con- 
ſequently loſe, in a very ſhort c given 
Time, a Heat which is proportional 
to the Surface of the Body: And if 
both the Body and its Degree of 
Heat be different, it will commu- 


nicate to the Air, and conſequent- 
ly, 
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ly loſe, in a very ſhort given Time, 
a Heat which i is proportional to the | 
Coldneſs of the Wind; which Cold- 
neſs is inverſſy as its Degree of Heat: 
And therefore, the Heat communi- 
cated to the Air, and loſt by a Bo- 
dy heated and placed in a Wind 
blowing uniformly, will be as the 
Heat and Surface of the Body taken 


| together directly; and the Heat of 


the Wind inverſly, that i is, h will 


SH 
be as — * 


Cor. 1. If the Heat of the Wind 
be given; the Heat which is commu- 
nicated to the Air, and loſt in the 
Body, in a given Tinie, will be as 
the Surface of the Body, and its De- 
gree of Heat when firſt expoſed to 


the Wind, taken together. If A be 
On: h will be as SH. 


Cor. 2. If the Degree of Heat in 
the Body, when firſt expoſed to the 
Aa Wind, 


1 F 6 4 T. 2 of *. 


Wind, be given; the Heat commu- 
nicated to the Air, and loſt in the 
Body, in a given Time, will be as 
the surface of the Body directly; and 
the Degree of Heat in the Wind in- 
verſly. If H be Wen, h will be 
8 a 


Tn * 


7, © the Surface of os Bo- 
dy] be 28 the Heat which is com- 
municated to the Air, and loſt in 
the Body, in a given Time, will be 
as the Hoa of the Body „when firſt 
expoſed to the Wind, directly; and 
as the Heat of the Wind inverſly. 


If S be given, h will be as 5 


Cor. 4. If the Degree of Heat in 
one and the ſame Body, when firſt 
_ expoſed to the Wind, be given; the 
Heat which it will communicate to 
the Air, and conſequently loſe, in 
a very ſhort given Time, will be 

inverſſy 


\ 
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1 inverſſy as the Heat; or directly as 


the Coldneſs of the Wind. ig Sand 
7 H be given, h will be as I 
Se. e e ee . 


: - Propoſition XXIV. 


H E Life of Animals is preſer- 
ved by acid Parts of the Arr, 
mixing with the Blood in the Lungs ; 
M pich Parts diſſolve or attenuate the 
Blood, and preſerve its Heat; aud by 
both theſe, keep up the Miotion of the 


H eart. 


1 ſhall prove the Truth of this 


Propoſition, from a Series of Experi- 


? ments and Obſervations. 


Vir then, Annals. die, wha 
: they are deprived of Air by ſtop- 
ping the Wind-Pipe, or putting 
them in an Air Pump and drawing 

A 4 2 g out 
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: out the Air. And they likewiſe die 
| ſoon, in a ſmall Quantity of Air ſo 
| cloſely confined,as to have no Com- 


munication with the reſt of the At- 


moſphere: Small Birds cannot live 
above three or four Hours in a 
Quart of ſuch Air; and a Gallon 
of Air included in a Bladder, and 
by a Pipe reciprocally inſpired and 
expired by the Lungs of a Man, 
will become unfit to preſerve Life, 


in little more than one Minute of 


Time. 


mals: And likewiſe, that a conſtant 


Hence it appears, that Air is ne- 
ceſlary to preſerve the Life of Ani- 


Supply of freſh Air IS neceſſary 8 | 


that End, 


3 9 A Gall goes out, 
glowing Coals and red-hot Iron 
ceaſe to ſhine, and Animals die, in 


the Air-Pump on drawing out the 


Air. A Candle you! out, glowing 


Coals 
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Coals and red-hot Iron ceaſe to 


ſhine, and Animals die, in a ſmall 
Quantity of Air ſo cloſely confin- 


ed, as to have no Communication 


with the reſt of the Atmoſphere. 
Animals die in Air rendered effete 
by burning Coals or Candles in it 


till they are extinguiſhed, and glow- 5 


= ing Coals or Candles are extinguiſh- 


ed in Air rendered effete by Ani- 
mals breathing in it till they die. 


Hook found, that if Air rendered ef- 


fete be blown on live Coals, it pro- 


duces no other Effect, than to blow 
off the Aſhes and put out the Fire; 
and that the more you blow, the 


more dead is the Light, a the 


ſooner is the Fire quite extinct ; in- 


ſomuch that in a very little Time, 


the Coals become perfectly black 


without emitting the leaſtGlim pſe of 
Light or Shining: At which Time, 
if one Blaſt of freſh Air be blown up- 


on thoſe ſeemin gly dead, extinct, and 


black 
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black Coals, they all begin to olow, 


burn, and ſhine afreſh, as if they had | 

not en at all extin&; and the more | 

freſh Air is blown upon them, the | 
more they ſhine, and the footier = 


are they burnt out and conſumed: 
AndAnimals put into ſuch effete Air 


ſoon die, tho* for ſome Time they 


breath, and move their Lungs as 
before. The Medium found in 


Damps, is preſent Death to thoſe 


who breath it; and in an Inſtant, 


extinguiſhes the brighteſt Flame, 


the Shining of glowing Coals, or 


red-hot Iron, when put into it. 
Common Air, by paſſing thro* red- 


hot Braſs, red-hot Iron, red-hot 


Charcoal, or the Flame of Spirit of 
Wine, becomes unfit to preſerve 
Life, and the — of Fire and 
Flame. P 


Hence it appears, that freſh Air : 


preſerves Life in Animals. by the 


very ſame Power, or by the Ope- 


ration 
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ration of the very ſame Parts, where- 
by it preſerves Fire and Flame in 


ſulphureous and unctuous Subſtan- 
ces, when once they are kindled. 


:” Thirdly, If two Parts of com- 
1 pound Spirit of Nitre be poured on 
dne Part of Oil of Cloves or Ca- 
raway Seeds, or of any ponderous 
= Ou of Vegetable or Animal Subſtan- 
ces, or Oil of Turpentine thicken- 


ed with 2 little Balſam of Sulphur ; . 


the Liquors grow ſo very hot in 


mixing, as preſently to ſend up a 
burning Flame : If aDrachm of the 
ſame compound Spirit be poured 
upon half a Drachm of Oil of Ca- 
raway Seeds, even in vacuo, the Mix- 
ture immediately makes a Flaſh like 
. Gunpowder: And well- rectified Spi- 
rit of Wine poured on the ſame 
L compound Spirit flaſhes. Common 
Sulphur and Nitre powdered, mix- 


ed together, and kindled, will con- 


tinue 


* 11 
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tinue to burn under Water, or in | 
vacuo, as well as in the open Air. 
Now ſince Air is neceſſary to pre- | 
fri common Fire and Flame in 
ſulphureous and unctuous Subſtan- 
ces, when once they are kindled; | - 
andit appears by theſe Experiments, T 2 
that Fire and Flame may both be 
produced and preſerved in ſulphu- 
reous and unctuous Subſtances, by 
acid Particles even without Air; it 
follows, that Air preſerves Fire and 
Flame by means of acid Particles: 
And fince it preſerves the Life of 
Animals, by the Operation of the _ 
very ſame Particles whereby it pre- 
ſerves Fire and Flame ; it likewiſe 
follows, that it preſerves the Life 
of Animals by its acid — = 
Fourth ly, The Venal Blood is of 
a deep aca Colour and the Ar- 
terial Blood of a bright red, in all 
Parts of the Body except the Lungs; ; 
an 
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and in them the Blood is of a dark 
purple Colour in the Pulmonary Ar- 
rery, and of a' bright red in the 
Pulmonary Vein, Hence it follows, 
that the Blood changes its deep 
purple Colour into a bright red, in 
the communicant Branches of the 
Pulmonary Artery and Vein which 
are ſpread on the Veſicles ; and that 
it changes its bright red into a deep | 
* Colour, in the communicant 
ranches of the Arteries and Veins 
of other Parts. If Blood be drawn 
out of a Vein, its upper Surface, 
which is contiguous to the Air, will 


acquire the ſame bright red Colour 


which the Blood acquires in the 
Lungs ; and if this red Surface be 


cut off with a ſharp Knife, the black- 


iſh Surface of the remaining Blood, 

being now touched and acted upon 

by the Air in the ſame Manner as 

the firſt, will acquire the ſame Co- 

lour as that did; and the ſame 
B b Change 
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194 A Treatiſe of the 
Change of Colour will be made in 
the Bottom of the Cake, if it be 
turned upwards in the Cup, and ex- 
poſed to the Air; and if Blood juſt 
drawn be ſtirred and agitated, till 

the Air be intimately mixed with 

It throughout, its whole Subſtance 

will ſoon acquire the bright red Co- 

Jour of Arterial Blood. If the Wind- 

Pipe be ſtopped with a Cork, and 
| ſome Time after the Operation 
(when the Air which is ſhut up in 
the Lungs is made effete, that is, 
deprived of its acid parts) Blood 
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be drawn from the Cervical Artery, 


it will have the ſame dark purple 


Colour as Venal Blood. 


Now ſince from theſe Experi- 
ments; the Air muſt touch Venal 


Blood drawn out of the Body to 


| change its deep purple Colour in- 
to a bright red, and the acid 
Parts of the 7 cauſe the ſame 


Change of Colour i in the Blood in 
| the 


r 4 r TY 8 
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the Lungs; it will follow, that there 


muſt be a like Contact of theſe acid 
Parts with the Blood in the Lungs. 
And ſince I have ſhewn, that Air 
| Preſerves the Life of Animals by 
its acid Parts; it will likewiſe fol- 


low, that the Life of Animals is 


preſerved by acid Parts of the Air 
mixing with the Blood in the Lungs. 


Fifthly, The bright red Colour 
acquired by the Blood in the Lungs, 
from its Purity and Intenſeneſs, is 
the Red of the ſecond Order of Co- 


ours inthe Table of Sir 1/aac New- 


| tows Opticls, p. 206: But the black- - 
iſh or deep purple Colour of Venal 


without paſſing through the Co- 
lours of Blue, Green, Yellow, and 
Orange; and therefore, muſt ariſe 


Blood turns into this bright Red, 


from the Indigo and Purple of the 


digo and Vi 


third Order, and not from the In- 
olet of the ſecond: And 
VV 
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conſequently by that 1 
tinging Corpaſcies of the Plood' vl | 
| 9 5 leflened j in the Lungs. - 
= _* Hence it appears, this: the acid | 
=: pars of the Air diſſolve Or attenu- 


il ate the Blood in the Lungs. DE. 

Il of Vitriol und Water poured 

3 ſucceſſively into the ſame Veſſel, 

| gro very hot in themixing. Aga 
fortis, or Spirit of Vitriol, poured 
upon Filings of Iron, diffolves the 
Filings with a great Heat and Ebul- 

| lition, And the Acid of the Air 
conſtantly apply'd to ſulphureous 

and unctuous Subſtances, when once 
they are kindled, continues to diſ- 
ſolve them with the Heat ot Fire 
and Flamm. 

From theſe Experiments we begins, 
that it is the Nature of Acids to diſ- 
ſolve Bodies with Heat; and there- 
fore, fince 1 have ſhewn that che 

Acid of the Air diſſolves the Blood; 
it muſt be n d, that it warms 
the 
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_ trembling convulſive Motion, in lefs 
than half a Minure of Time. And 
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the Blood at the ſame time it dif- 


ſolves it. 


When Animals are deprived af 


the Acid of the Air, the Pulſe in 
leſs than one Minute of Time be- 
comes ſmall and quick; as may be 
obſer ved in a Dog, when his Lungs 
are made flaccid and without Mo- 
tion by laying _ his Thorax. 


Upon emptying my Lungs of Air 


as much as I could, and then ſtop- 
ping myBreath ; my Pulſe has grown 


ſmall and quick, with a kind of 


Thruſton obſerved the Pulſe to grow 


ſmaller on an Intermiſſion of Re- 


ſpiration, and 1 again on re- 


Perg Wo 2536 
Hence it appears, that the Mo- 


tion of the Heart leſſens immedi- 


ately on Animals being deprived of 


the Acid of the Air; and conſe- 
quently, chat this Acid by diſſolv- 


ing 


I 


"ot. of Treatiſe of the 1 
ing or attenuating the Blood and 
preſerving its Heat, ee up _ = 


Motion: of the Heart. 


Therefore the Propyft uon is true. Z 


But cho Hs Propoſiti 210 ks fully 
Ware ti yet to obviate Objections, | 
I think it not improper to prove 
the following Particulars by * 


ments and Obſervations. 


1. The Motion of the Lungs i in 
r e is no otherwiſe neceſſary 
to the Life of Animals, than as by 


this Motion the Lungs receive a con- 


ſtant Supply of freſh Air. 
This is proved by the following : 
Experiment. Hook, after he had 
laid open the Thorax of a Dog, 
cut away his Ribs and Diaphragm, 
and taken off the Pericardium, kept 
him alive before the Royal Society 5 
of London above an Hour, by blow- 
ing treſh Air into his Lungs: with a 


pair 
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pair of Bellows. It was obſerved, 
that as often as he left off blowing, 
and ſuffered the Lungs to ſubſide 
and lie ſtill, the Dog preſently fell 
into dying convulſive Motions, and 
ſeoon recovered again on renewing 
the Blaſt. After he had done this 
ſeveral Times with like Succeſs, he 
pricked all the outer Coat of the 
'- Lungs with the ſlender Point of a 
' ſharp Penknife, and by a conſtant 
' Blaſt made with a double pair of 
Bellows, he kept the Lungs always 
diſtended and without Motion ; and 
it was obſerved, that while the Lungs 
were thus kept diſtended with a con- 
ſtant Supply of freſh Air, the Dog 


lay ſtill, his Eyes were quick, and 


his Heart beat regularly; but that 

upon leaving off blowing, and ſuf- 
fering the Lungs to ſubſide and lie 
| till, the Dog preſently fell into dy- 


ing convulſive Motions, and as ſoon | 


recovered again on renewing the 


5 Blaſt, 
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Blaſt, and nd ſupplying the Lungs with ; ; 


freſh A 


2 The Motion af the Lungs i in 
breathing does not change the Co- 


| lour of the Blood in that Part. 
This is proved by the following 


| Experiment. Lower opened the 
Pulmonary Vein of a Dog near the 
left Auricle of the Heart, when his 
Lungs were kept diſtended and with- 
out Motion by a conſtant Supply of 
freſh Air; and obſerved the Blood 


drawn to have the ſame florid Co- 
lour, as the Arterial Blood of other 
tha. HT CTY 
_ Farther, If thi nen of the 
Lungs change the Colour of the 
Blood from a dark Purple to a bright 
Red]; I ſee no Reaſon, why the Mo- 


tion of the Muſcles when continu- 
ed for ſome Time ſhould not keep 


up that red Colour in the Veins ; 
and conſequently, why under ſtrong 
Exerciſe Venal Blood n, to 


Expe- 
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| Experience)ſhould not be of a bri ght 5 
red Colour. For a ſtrong and vi- 


gorous Motion of the Muſcles muſt 
undoubtedly contribute as much to 


preſerve the bright red Colour of 
Arterial Blood, as the Motion of 
the . contributes to produce it. 


The Death of Animals and 


; Extocticn of Flame in a confined © 


Air, are not cauſed by a Diminuti- 
on of its Elaſticity. 


For there is ſometimes as great 


a Diminution of Elaſticity in the Air 


in violent Storms of Wind and Hur- 


b ricanes, as there is in a ſmall Quan- 
tity of confined Air at the Time 
when Animals die and Candles go 


out in it; and yet no ſuch Effects 


follow. Farther, If Animals die 
and Candles go out in a confined 
Air, from a Diminution of its Ela- 
1 ſticity; then theſe Effects would not 
be 1 in different Quantities 
of confined Air, until its Elaſticity 


28 Was 
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Was qual diminiſhed in them: 


But it has been found. by Experi- 
ments, that at the Time when A- 


2 nimals die and Candles go out in 
two different Quantities of confined 


Air, there is a greater Diminution 
. of Elaſticity i in the ſmaller Quanti- 
ty than in the greater: And there- 
fore, Life and Flame are not de- 
ſtroyed by a Diminution of the Ela- 
ſticity of the Air. This is farther 


confirmed from an Experiment men- 


tioned above; For if effete Air, 
however forcibly blown on live 

Coals, extinguiſes them in like 
Manner as it does when in a State 
of Reſt; then the ſame effete Air, 
which in a quieſcent State cannot 
preſerve Life, will not be able to 
do it when it is preſſed into the 
Lungs with any Force, even a great- 
er than is ſufficient to ſwell the Airf- 
Veſſels to their uſual Magnitudes : 


And therefore Animals do not die 
in 


ANIMAL OFc ONOMY, 20 3 f | 
in a confined Air, from the Veſicule 


not being ſufficiently dilated on ac- 
count of a Diminution of the Ela- 


ſticity of the Air. A Diminution of 


the Elaſticity of the Air is no other- 


wiſe hurtful, than as it hinders the 


Veſicles from being ſufficiently di- 
lated, and thereby hinders the Blood 


from receiving its uſual Quantity 
of Acid in a given Time: Whence 
the Blood will not be ſufficiently diſ- 
ſolved and warmed in the 3 
which will make Reſpiration quick 
and uneaſy, but cannot cauſe ſud- 


den Death. 


e eee eee. 8808 


Fropoſition XXV. 


TP healthful Bodies be hotel a= 
| like, and placed in a Mind blow- 


| ing uniformly, or move gently along 


in a calm and ſtill Air with the ſame 


uniform Motion ; and if Heat be ge- 
n neorata 
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nerated in their Blood by the Acid of 4 
the Air, as faſt as it is off by being 
communicated to the Air in their 

Lungs aud at their Skins : The Heats 
generated m their Blood 3 in a ſhort © 

given Time, will be as the Sums of 
the internal $ urfaces of their Syſtems 


of Air-Veſſeis and external en 1 


of their Bodies, and the Degrees of 
Heat in ther Blood, talen together _ 
direttly ; and as the Deerees of Heat 
in the ind or calm Air inverſiy. I/ 
S,s denote the Sums of the ſaid Sur- ; 
faces of of two healthful Bodies; H, h 


the Degr ces of Heat m their Blood * 


when they are firſt plac d mtheWind, 
or 9 5 10 move in a calm and foil f 
Air ; A, a the Degrees of Heat in ibe 
V. iy $4 Air.; 4 G, g the Heats 
generated i 71 ehats Blood by the Acid 3 


of the Air in a ſhort given Time : 1 
2 that G. * . 8 


4 


For 
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For ſince the Bodies are ſuppo- 
ſed to be cloathed alike, the exter- 
nal Surfaces of their Bodies will be 
alike expoſed to the Air; and the 
internal Surfaces of their Syſtems of 
Air-Veſſels are always alike expo- 
ſed to it, on account of Reſpirati- 
on; and ſince it is the ſame thing 
to move gently along in a calm and 
ſtill Air with an uniform Motion, as 
to ſtand till in a Wind blowing with 
the ſame uniform Motion: It is e- 
vident by the 234 Propoſition, that 
the Heats communicated to the Air 


and loſt 1 in the Blood of healthful 


Bodies in a very ſhort given Time, 
will be as the Sums of the lateral 


| Surfaces of their Syſtems of Air- 


Veſſels and external Surfaces of their 
Bodies, and the Degrees of Heat in 
their Blood, taken together direct- 


ly; and the Degrees of Heat in the 


Wind or Air inverlly - But by Sup- 


Poſition, dhe Heat is generated by 
e * 
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- Acid of the Air as faſt as it is 
Toft by being communicated to the 
Air in the Lungs and at the Skin: 
And therefore, the Heats generated 
by the Acid of the Air in the Blood 
* healthful Bodies in a ſhort given 
Time, will be as the Sums of the 
internal Surfaces of their Syſtems of 
Air-Veſſels and external Surfaces of 
their Bodies, and the Degrees of 
Heat in their Blood, taken toge- 
ther, directly; and the Degrees of 
Heat in the Wind or Air, inverſſy; 


1 
that is, G. gu =" . 


1 9 If the Degrees af Hear i in 
4 Blood of Bodies under the Cir- 


cumſtances ſuppoſed in this Propo- 


ſitiun, and the Degrees of Heat in 
the Wind or calm Air be reſpect- 


ively equal; the Heats generated 
in the Blood by the Acid of the Air 


in a given Time, will be as the sums 


of 
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of the internal Surfaces of the Syſt- 
ems of Air-Veſſels and external Sur- 


faces of the Bodies. If H=h, and 
Ama; then will G. g::5. 


From ſome Experiments made 
with a Thermometer at the ſame 
Time and in the ſame Place, I have 
found the Heats of the warmeſt Parts 
of the Skin, and conſequently the = 
Hears of the Blood, to be nearly e- 
qual in healthful Bodics of all Ages, 
' notwithſtanding the Limbs of old 
Bodies are conſiderably colder than 
the Limbs of young Bodies, or Bo- 
dies of a middle Age: And if by a 


larger Experience, this ſhall be found 


to be univerſally true; then will this 
Corollary obtain in all healthful Bo- 
dies in the ſame Place and at the 
ſame Time: And as theſe Experi- 
ments were made when the Bodies 
were at Reſt, and the Air ſtill and 
calm, ſo this Corollary will likewiſe 


obtain 
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obtain nearly in Bodies at Reſt in a 
calm and ſtill Air, in the ſame Place 


and at the ſame Time! And grant- 
ing this, and ſuppoſing the exter- 


e Surfaces of the Bodies to be pro- 


portional to the whole internal Sur- 
faces of their Syſtems of Air-Vel- 
ſels, and thoſe e Surfaces to be 
pr oportional to the internal Surfa- 
ces of all their Veſicles thro' which 
the Acid of the Air paſſes into their 
Blood; then will the Heats gene- 
rated 1 15 a ſhort given Time in the 
Blood of healthful Bodies, in the 


ſame Place and at the ſame Time, 


be as the internal Surfaces of all che 
Veſicles of their reſpective Syſtems 
of Air-Veſſels: And if the Veſicles 
attract the acid Parts of the Air, in 
Proportion to the Magnitudes of 
their internal Surfaces, (as I have 
ſhewn the Blood-Veſſels to act on 
the Blood by attractive or ſome o- 


ther Powers, in Proportion to the 
Mag- 
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Magnitudes of their internal Surfa- 
ces) then will the Heats generated 
in the Blood by the Acid of the Air 
in a ſhort given Time, be as the at- 


tractive Powers of all the Veſicles. 


th 2. if the b of ken in 

this Blood of Bodies under the Cir- 

cumſtances ſuppoſed in this Propo- 
ſition be equal; the Heats genera- 
ted in it by the Acid of the Air in 
a ſhort given Time, will be as the 
Sums of the e, Surfaces of the 


Syſtems of Air-Veſſels and external 


© Surfaces of the Bodies, directly; and 


the Degrees of Heat in 7 Wind 
or calm Air * If H=h, then 


VS. . 


will G. g:: 15 


1 by all IL IRE OM it hall bt 
= find; 3 the Degree of Heat in 
the Blood of healthful Bodies is 
much the ſame at all Seaſons of the 


11 
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Year, and in all Climates; then by 


this Corollary, more or leſs Heat will | 


be generated in the Blood of the 


ſame Body in a given Time, as the _ 
Air is colder or hotter ; which gan- 
not be, unleſs the Air when it is cold 

abounds more with this Acid, than _ 
when it is hot: And that it does ſo, _ 
appears from Fire burning beſt when 
the Air is coldeſt, and worſt when it 
is hotteſt. Now if the Air be cooled 
by the ſame Acid which generates 


Heat in the Blood when mixed with 


it; then as the Air abounds more 

or leſs with this Acid, the Air will 
be colder or hotter ; and more or 
leſs Heat will be both generated and 


loſt in the Blood, in a given Time. 
By the 244 Propoſition, the A- 
cid of the Air diſſolves or attenu- 
ates the Blood, at the ſame Time 
it generates Heat in it; and the 
Diflolution or Attenuation will be 
greater or leſs, as more or leſs 15 
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this Acid is mixed with the Blood 


in a given Time: And therefore the 
Blood vill be more diſſolved or at- 

tenuated in Winter than in Summer, 
in cold Countries than in hot. And 
if the Want of a ſufficient Diſſolu- 


tion or Attenuation of the Blood be 


| the Cauſe of Malignant Diſeaſes ; 
Bodies will be more ſubject to ſuch 
Diſeaſes in Summer and hot Coun- 


tries, than i in Winter and cold Coun- 


tries. 
' This is the general Law of the 
| Attenuation of the Blood, and Heat 
generated in it, in a given Time, on 
5 Suppoſition that the Degree of Heat 
in the Blood is given: However, it 
may ſometimes happen, that the 
Attenuation of the Blood and Heat 

| generated in it may not be pro- 

; portional to the Degree of Coldneſs 
in the Air. For the Air may be ſo 

_ exceſſively cold, and fo greatly ſa- 
turated with this Acid, that the mu- 
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tual Attraction of its Particles, ari- _ 
ſing from their Cloſeneſs to one an- 
other, may hinder them from be- 
ing drawn into the Blood in as great 
2 Quantity, as when the Air abounds 
leſs with them: And whenever this 
happens, the Fluidity and Heat of 
the Blood will be deſtroyed faſter 
than they are generated ; and if this 
continues for any Time, it muſt of 


Neceſſity put an End to Life. The 3 


| Caſe here is much the ſame as in 


Oil of Vitriol, and ſome other A- 3 


cids; which from their too great 


Strength will not diſſolve Metals ſo 
quickly, nor raiſe ſo great a Heat, 
as the ſame Acids when made weak- 


. Er. 


See eG Sc er e . 


Propoſition XXVI. 


L. F healthful Bodies be fi ruated alike 
wi ep zo the Horizon, if 


the 
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3 the Motions of their Hearts and Lun gs 
be free from the Influences of all aiſ= 
t.urbing Cauſes, if the mean Capaci- 
res of their Syſtems of Air-Veſſels be 
proportional to the mean Capacities of 
their Syſtems of Blood-Veſſels, and if 
the mean Numbers of their Iuſpirati- 
ons in a given Time be proportional 

to the mean Numbers of their Pulſes 
in that Time; the mean Quantities 
of freſh Air inſpired, will be as the 
mean Quantities of Blood which flow 
thro their Lungs # in the given Time. 


1 Since by Suppoſition, the Bodies 

are ſituated ike with reſpect to the 
Horizon, and their Hearts are free 

| from the Influences of all diſturb- 
ing Cauſes; the mean Capacities of 
tbe Sy ſtems of Blood-Veſſels of Bo- 
dies f different Lengths, will be as 

the mean Capacities of correſpond- 
ing Veſſels, that is, as the Squares 
ol their mean Diameters into their 
I © ER 3 
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| de or into the Lengths of 5 
the Bodies; therefore, the mean Ca- 
pacities of the Syſtems of Blood. 1 
Veſſels of Bodies of two different t 
Lengths, will be as D'Landd'l, D 4 
and d denoting the mean Diameters 1 


of any two correſponding Veſlels, 
and L and | the Lengths of the Bo> 
dies: Since likewife by Suppoſition, 
the mean Capacities of the Syſtems 
of Air-Veſſels are as the mean Ca- 
pacities of the Syſtems of Blood- 
Veſſels; the mean Capacities of the 
Sy ſtems of Air-Veſlels of Bodies of 
= different Lengths, will be as 
DL and dl, when the Bodies are 
fitting and their Hearts free from 
the Influences of all diſturbing Cau- fi 
ſes: And ſince alſo by Suppofition, _ 
the mean Numbers of Inſpirations T ti 
are as the mean Numbers of Pulſes 1 
in a given Time; the mean Quan- tl 
tities of freſh Air inſpired by healcth= HI 
ful Bodies of two different Lengths, p 
5 - 


AS SOS ,£ — 2 
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' will be as the mean Capacities of 


their Syſtems of Air-Veſſels and 
mean Numbers of their Pulſes in 
| = Time taken together, that is, 
as D'LP and C'lp, P and p denot- 


wi the mean Numbers of Pulſes in 
the given Time: But by the firf 
e of o& the 14th Propoſition, 


P: Px: : = And therefore, the 


Quantities 'of freſh Air inſpired i in 


a given Time will be as D'V and 
d'v, that is, as the mean Quanti- 


ties of Blood which flow thro' the 
Lungs in the given Time. 


The mean Numbers of Pulſes and 
laſpirations i in a Minute of health- 


fulBodies of three differentLen gths, 


in the Morning when they were fit- 


ting, were 65, 72, 116, and 17, 


19, 30. Hence it appears, that 
the mean Numbers of Pulſes and 


Inſpirations in a given Time, are 


proportional” to one another in 


health- 
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add Bodies, when they are ig | 4 7 
tuated alike with reſpe& to the Ho- | t 

rizon, and their Hearts are free from 
the Influences of all diſturbing Cau- _ 
fes: And if from Experiments it 


ſhall be found, that the mean Ca- t 
pacities of che Syſtems of Air-Veſ- 1 
ſels are proportional to the mean d 


Capacities of the Syſtems of Blood» ir 
Veſſels; then will this Propoſitt Hon = =: 
be true in healthful Bodies. — tl 


Gr. 1. If this Propoſition be true; ; 3 G 
the mean Quantities of freſh Air inn 
| ſpired in a given Time by health- ; 9 


ful Bodies, will be in Ratios com- ” 
| pounded of the duplicate and fub- _ 


duplicate Ratios of the mean Dia- 
meters of correſponding Blood-Veſ- be 
ſels, that is, as DVD and dvd. 
* 14 v. VD. vd, by the Twelfth _ 
Oye tion ; But the Quantities of thi 
Air inſpired in a given Time, in 


are as D'V and d'v, by this Propo- die 
. Fes on- 
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| | frian; And therefore, the Quanti- 
ties of freſh Air inſpired in a given 
| Time will be as D* D and d'V d. 


E or. As If this Propoſition be true; 
5 the mean Quantities of Air inſpired 
in a given Time by healthful Bo- 


dies of different Lengths, will bee 

in Ratios compounded of the ſim- 1 
ple and ſubquadruplicate Ratios of 1 
the Lengths of the Bodies, that i =: i 
| LxL*andlxF. For D. d:: L. I, by [ 


Cor. 4+ Pr . 123 and by Conſe- 
| quence, D*'vVD. dvd:: LL. 1E: = li 


But the mean Quantities are as ; 9 
D D and dd, by the laſt o. 
3 rollary : And therefore, they will bi 


be as L L and 1 * F. 


. E If this Propoſition he true ; 

; the £65. Quantities of Air inſpired 
in a given Time by healthful Bo- 
| dies of different Lengths, will be in 

7 1 3 
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Ratios compounded of the dupli- 
cate Ratios of the Lengths of tje 
Bodies and the ſimple Ratios of the 
Numbers of their Pulſes in a given 
Time, that i is, as LP and I'p. For by 
this Propoſiti ſtion, the mean Quanti- 


a given Time. For 5 Te 1: P. p, by j 
Cor. ; Prop. 14: hens > Tl 995 


And cherefore, BAR I A P. p. 


ties of Air inſpired i in a given Time ; 


are as D'V and d'v: But by Cor. 4. 
"Prop. 12, D'. 2 BY off 28 by Cs. 


1. Prop. 14 V. F 5. Ip: And 


therefore, . mean Quantities of 4 


Air inſpired in a given Time will 
be as LP and Ip. 


PO 4. If this Propoſition bet true ; 


the Quantities of freſh Air inſpired K 
in a given Time in Proportion to 4 
the whole Quantities of Blood, will 
be as the Numbers of pulſes in 


3 


DV dv. | - 


PL dq: f. 
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SECTION u. 


07 Digeſtion and W, Secre- 
tion, and the Diſcharges of Hu- 


man Bodies. 


—— — 


E 22 and . atrition. 


Propoſition XXVII. 
HE Nouriſhment of Animals 


chan ges ts Texture in their 


Bodies, till it becomes like their n 


| and durable P arts. 


[ of Animal Bodies grow out of their 


* Nouriſhment : But their Growth is 
from an Addition and Adheſion of 
like Parts: And therefore, the Nou- 


riſhment of Animals changes its 


B Bad on E e 2 E 


1 Por the ſolid ad 3 Par = 


S — oe oO — —y—⅛ . —ę— 97 Sree oma 
Tz 5 i „ — 


}\ 
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"Texture i in their Bodies till it this 


comes like their ſolid and durable 
Parts. 


Animals will not be rightly nou- 


Cor. 1. Hence it appears, that = 


riſhed, when their Nouriſhment does 
not change its Texture in their Bo- | 


dies till it becomes like their folid 
and durable Parts. 

Cor. 2. Hence it appears, that the 2 
Nouriſhment, by changing its Tex- | 
ture in the Bodies of Animals, be- 
comes more dry and earthy than 
it was before; otherwiſe, it would 


not be like cheir ſolid and durable 
Parts. 1 


See e eee — 
Propoſition XXVIII. 
H E. Texture 0 f the Nouriſh- 


I ment is changed in the Bodies 
> Animals, by a gente Haas and 


Moriou. 5 


The 
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The firſt remarkable Change in 
the Texture of the Nouriſhment is 
made in the Stomach : In this Bow- 

el the ſolid Parts of the Food are 
diſſolved and intimately mixed with 
the Fluids. This Mixture is uſyally 
| called Ghyle. 
Some, 3 obſervin aha Flu- 
ids have a Poyer of dllelving Bo- 
dies, have thought that a Fluid in 
| the Stomach diſſolves the Food and 
turns it into Chyle: Bur as it does 
not appear from Experiments and 
Obſervations, that there is a Fluid 
in the mach; endued with ſuch a 
Power; this Opinion is without 


F oundation. 


1 Attri- 


Others, from abforvia g the great 
Stren th of the Gizzards of Fowls, 
and that there is commonly Gravel 

found in them, have imagined, that 
the Food is diſſolved in the Sto- 

machs of Fowls, and conſequently 
in the tomachs of all Animals, by 
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Attrition or Grinding. But if this 
Opinion be examined, it will like- 
wiſe appear to be without Founda- 
tion. For the Food of Fowls is 
moſtly Grain, all Sorts of which 
| are hard and covered with tough 
Skins; and therefore, before this 
=. Fdod can be diſſolved and turned 
into Chyle, it muſt be ſoftened, and 
its Skins ground off; the firſt of 
which is done by Warmth and Moi- 
ſture in the Craw, and the ſecond 
by Attrition in the Gizzard. By 
theſe Contrivances, the Food of 
Fowl is. prepared and fitted for Di- 
geſtion; as human Food is by Cook- 
ery and other Ways of preparing it, 
and by the grinding of the Teeth. 
But if we ſhould grant, that the Food 
of Fowl is diſſolved and turned into 
Chyle by Attrition ; it will by no 
means follow, that Food: i is fo diſ- 
ſolved and turned into Chyle in a 
human Stomach, which has no Gra- 
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vel in it, and has but very little 


to ſoften, groſly divide, and pre- 


pare their Food for Digeſtion ; but 
it will not from thence follow, that 
their Food is digeſted or tan in- 


to Chyle by different Cauſes. 


The Food is diſſolved and turn- 
ah into Chyle by a gentle Heat and 


| Motion. Heat makes many Bodies 
fluid, which are not fluid in Cold. 


Leadi is melted by a Heat eight times 
as great as the external Heat of a 
human Body; Tin, by a Heat fix 
times as great ; Wax, by aHeat twice 
as great; and Bones, with the Ad- 
dition of little Water, arediflolved 
in a Digeſter by Heat in a little Time. 


If the Heat of the Stomach be near- 


ly equal to that of the Blood; this 


Heat, tho gentle, may be ſuffcient, . 
| | when 


—— wy PIR — AL fr Ag os 


Muſcular Strength in Compariſon | 
of the Gizzards of Fowls. There 
may be many different Contrivan- 
ces in different Species of Animals, 


— — err r eren — — ONS - 


* at — — — * — 2 2 S — "A GG: Og We We 2 — — 2721 5 
— : a . 3 nee A II IIS — ——— LOSES SE . 2 —— — — Eons n — —— 
— * 6 N 2 1 — — 7 hs era — — — — — — — —— . — — — 7 5 — - TS Sod bn wt ee. gs, - Mo — ter _ — —_ 
— — Meter — — — 9 ——— moe N ͤ LIES . 3 ;*—³ l ——— IE - : G I. 5 < — a 1 0 : — 1 

- — — ” 3 —.— - ©, 2 a S * 2 > S200 _ _ — — — — - 9 « A h 2 — 2 — — — 

= — — —— — — — —— — — — GR: n - 3 — 
33 IB . — . r SCG IA. » — IE — — — r 88 —ͤ— l i ens 
— = _—_. - — rm —— — — = \ 


a I gr EIS we pn 
- > ——— 


— 
— 
— — 


IN — * — 
r , ̃ꝗ w. m , 7 he EO WEE". 5 * — 2 q 2 = Þ ” - * * 
_ - ” 40 -- Ys mg — 1 * , — — . — 9 LY 2 —_— 7 A 4 z — ” — ke — 
r —— - - ear I vets A — — — =D — — — — —_— ——— — XX. — a4 . SVM IS * 
— — . — 2 2 — - 


224 A Treatiſe of the, 


when the Orifices of the Stomach 
are pretty exactly cloſed, to diſſolve 
the Food in a few Hours, and turn 
it into Chyle; eſpecially, when it 
is aſſiſted by the Motion of the Sto- 
mach, which by agitating and mix- 
ing the Food will contribute to this 
End. For ſince Heat can diſſolve ſo- 
lid Bodies, and nothing is ſound in 
a human Stomach, beſides a gentle 
Heat and Motion, which can diſ- 


ſolve the Food and turn it igto 


| Chyle ; it will follow; that the Food 
is digeſted or diſſolved, and turned 
into Chyle, W. 2 gentle Heat and 


5 Motion. BM 


The Chyle in moving i 
the Inteſtines is farther diſſolved 
by Heat and Motion: And the fi- 


neſt Part of this Fluid being con- 


veyed into the Blood, is ſtill far- 


ther changed by the ſame Cauſes, 
namely a gentle Heat and Motion, 
till ir . on che Form of Blood, 
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and, at laſt, becomes fir to nouriſh . 


the Body, by being made like its 


ſolid and durable Parts. The Growth 
of the pullet in the Shell out of the 
1 White of the Egg, 1s aſtrong P roof 
of the Truth of this: For here is 


manifeſtly nothing, beſides a gen- 
tle Heat and Motion, to change the 


| White of the Egg, ſo as to convert 
it into Blood, and render it fit Nou- 


riſhment for all the Parts of an Ani- 


mal woody. 


Cor. Ane . will not be 


rightly nouriſhed, when the Tex- 
ture of their Food is not rightly 


changed in their Bodies by Heat and 
Motion; which may be owing, ei- 


ther to an Unfitneſs i in the Food for. 
ſuch a Change, or to Degrees of 


Heat and Motion unfit to an ir. 


J Os 
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| Propoſition XXIX. 


H E conſtituent folid Parts of 
a | Animals, according to their _ 
=_ faces Natures, are endued with pe- 
= culiar attractiue Powers of certain 
Magnitudes; by which they draw out 
of 15 Fluid; moving thro them like 
Paris in certain Ouantities, and 
thereby preſerve their Forms and Ct | 
Magnituger. x 


For without attractive Powers a- 
greeable to their Natures, the con- 
; ſolid Parts of Animals can- 
not draw like Particles out of the _ 
Fluids moving through them; and 
conſequently, cannot preſerve. their | 
Forms: And unleſs theſe Powers be 
of certain Magnitudes, they cannot 
draw thoſe Parts in ſuch Quantities 
as are proper to eee their Mag- 
, nitudes : 
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nitudes: And therefore, the Propo- 
; — is true. 


Cor. 1. Hence Bodies will not be 
8 rightly. nouriſhed by proper Food 
changed by juſt Degrees of Heat and 
| Motion, when the attractive Pow- 


ers of their ſolid Parts are changed, 


either in their Natures, or in their 


IR: 


e 2. Hence Animals of the : 
fame Species will grow faſter or ſlow- 
er, out of the ſame Nouriſhment 


rightly changed by Heat and Mo- 


on; as the attractive Powers of their 


ſolid Parts are ſtronger or weaker. 
And univerſally, their Growth in a 
given Time will be greater or leſs; 
as the attractive Powers of corre- 
ſponding Parts are greater or leſs; 
or as the Fluids moving thro? thoſe ; 
Parts abound more or leſs with ſi- 


milar Particles, that is, with Parti- 


rf cles 
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cles vighuly fitted to be tracted iby 


thoſe Powers. 


Ge Schollum. 


1 hre ſhewn that the Nouriſh- 


ment of Animals becomes more dry 


32 


and earthy in their Bodies, and that 


this Change is effected by a gentle 


Heat and Motion. How a. gentle ] 


Heat and Motion cauſe this Change 
in the Nouriſhment, may be under- 


ſtood from what Sir Vaac Newton 3 


has delivered concerning the Na- 


ture of Salt. This great Man, find 
in g from Experiments and Obſer- 


vations, that Salts are dry Earth and 


_ vatry. Acid united by Attraction, 
and that the Earth will not become 


a Salt without ſo much Acid as 


makes it diflolvable in Water, has 


given the following Account of the 


Formation of Particles of Salt. 


« As Gravity makes the Seaflow 


41 round the ne and weightier 
| «© Parts 


—_—_ . as - 
—_— > 


Cc 


cc 


„ ſer and compacter Particles of 
1 


Earth for compoſing the Parti- 
© cles of Salt. For otherwiſe the 
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Parts of the Globe of the Earth, 
ſo the Attraction may make the 
watry Acid flow round the den- 


© Acid would not do the Office of 
a Medium between the Earth and 
common Water, for making Salts 
© diflolvable in Water; nor would 
Salt of Tartar readily draw off 
the Acid from diſſolved Metals, 
© nor Metals the Acid from Mer- 
© carry. Now as in the great Globe 
of the Earth and Sea, the denſeſt 
Bodies by their Gravity ſink down 
in Water, and always endeavour 
to go towards the Centre of the 
Globe; ſo in Particles of Salt, 


the denſeſt Matter may always 
endeavour to approach the Cen- 
ter of the Particle: So that a Par- 
tiele of Salt may be compared to 
a Chaos; ; being denſe, hard, dry, 
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and earthy in the Center ; and 
rare, ſoft, moiſt, and watry 
in the Circumference. And 
hence it ſeems to be that Salts 
are of a laſting Nature, being 
cc ſcarce deſtroy d, unleſs by draw- 
ing away their watry Parts by 
Violence, or by letting them ſoak | 
“ into the Pores of the Central 
Earth by a gentle Heat in Pu- 
trefaction, until the Earth be diſ- 
ſolved by the Water, and ſepara- _ 
ted into "Cnaller Particles, which 
< by reaſon of their Smallneſs make 
c the rotten Compound appear of 
a black Colour. Hence alſo it 
may be that the Parts of Ani- 
mals and Vegetables preſerve 
their ſeveral Forms, and aſſimi- 


milate their Nouriſhment; the 


ſoft and moiſt e eee ea- 


ſily changing its Texture by a 


gentle Heat and Motion, till it 
becomes like the denſe, hard, 


cc « dry, 
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dry, and durable Earth in the 
Center of each Particle. But 
when the Nouriſhment grows un- 
fit to be aſſimilated, or the Cen- 
tral Earth grows too feeble to aſſi- 
milate it, the Motion ends in Con- 


cc 


LI * A 6 


3 


c fuſion, Putrefaction and Death, 
Newt. Opr. p. 361, 362, 


Hence it appears, that to render 
the ſaline Part of the Aliment fit to 


nouriſh the ſolid Parts of Animals 


and Vegetables, part of the ſuper- 
ficial watry Acid muſt by Heat and 


Motion be drawn off from the Par- 


ticles of Salt; by which they will 


become more denſe, hard, dry and 


earthy, like the ſolid ad durable 


Parts of the Bodies. And, accord- 


ing to the different Degrees of Heat 


and Motion in the different Species 


of Animals and Vegetables, the wa- 
try Moiſture will be drawn off in 


different Proportions, ſo as in each 


Species to render the Particles like 
:.- the 


232 A Treatiſe of the 
the ſolid Parts of the Bodies of that 
Species. 
And farther, if we e due 
Water is a very fluid taſtleſs Salt, 
and that Animals and Vegetables, 
with their ſeveral Parts, grow out 
of Water and watry Tinctures 
and Salts ; we may from what has 
been ſaid underſtand the Manner in 
which the Nouriſhment of Animals 
and Vegetables is changed by a gen- 
tle Heat and Motion, till it becomes 
like the ſolid and durable Parts of 
their hy Bodies. 5 
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05 Sec. | 


Propoftion 3 XXX. 


HE Glands in the Dickie of 
Animals, according to their 
feral Natures and Diſpoſitions, are bi 
endued with peculiar attractive A 
ers by which they ſuck in Various 


| Fuic es th om the . 


; Thar the Glands of Apimals have 

ſuch attractive Powers, 1 ſhall prove 

from Experiments and Obſervati- 

ons. I 

C If two plane poliſhed Plates of i 

<« Glaſs (ſuppoſe two Pieces of a = 

© poliſhed Looking-Glaſs) be laid 
together, ſo that their Sides be 
parallel and at a very ſmall Di- 
ce ſtance from one another, and 
< then their lower Edges be dip- 
RY * $f.ped 
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© leſs; the Force which raiſes the 
Water and ſuſpends it muſt be 
likewiſe the ſame, and ſuffer no 


(c 


cc 


1 
cc 
cc 
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all 


ped into Water, the Water will 
© riſe up between them. And the 


leſs the Diſtance of the Glaſſes is, 
ce the greater will be the Height 8 
which the Water will riſe. If 
the Diſtance be about the hund- 
redth part of an Inch, the Water 
will riſe to the Height of about 
an Inch; and if the Diſtance be 
greater or leſs in any Pr oporti- 


on, the Height will be recipro n- 


cally proportional to the Diſt- 


c ance very nearly. The Weight 
of the Water drawn up being the 
« ſame, whether the Diſtance be- 


tween the Glaſſes be greater or 


Change by changing the Diſ- 


tance of the Glaſſes. And in 


like Manner, Water aſcends 


between two "Marbles poliſhed 
Plane, when their polled Sides 


Le are 


* 
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ec are parallel and at a very little 
©. Diſtance from one another. And 
cc if ſlender Pipes of Glaſs be dip- 
« ped at one End into ſtagnating 
Water, the Water will riſe up 
e within the Pipe, and the Height 
© to which it riſes will be recipro- 
e cally proportional to the Dia- 
cc meter of the Cavity of the Pipe, 
c and will equal the Height to 
© which it riſes between two Planes 
«© of Glaſs, if the Semidiameter of 
c the Cavity of the Pipe be equal il 
© to the Diſtance between the | 
« Planes, or thereabouts. And = 
cc thele Experiments ſucceed _— 
e the ſame Manner in vacuo as in 
© the open Air, (as hath been try'd 
c before the Royal Society,) and 1 
cc therefore are not influenced by _ | 
« the Weight or Preſſure of the At- | 
% moſphere, See News, Ds g. 
366, 367. 
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Now fince the Riſe and Suſpen- 


fion of Water between two Glaſs 
Planes and in ſmall Glaſs Pipes, are 
not owing to the Preſſure of the t- 
moſphere; they muſt be cauſed by 


an attractive Power in the Glaſs, 


which will be proportional to the 
Weight of Water ſuſtained by it 


Let H, h denote the Heights of the 
Column of Water ſuſtained between 
the two Glaſs Planes and of the Cy- 
linder ſuſtained in a ſmall Glaſs Pipe; 
B, p the Breadth of the Column and 
: Periphery of the Cylinder; andD, 


d the Thickneſs of the Column and 


Diameter of the Cylinder : And then 
the attractive Power which ſuſtains 


the Column will be 1 HBD, or as 
B, becauſe H i is as 


5 and the at- 
tractivePower which ſuſtains theCy- 5 
linder will- be ag RW or as 25 or as 
p, becauſe h is as 1 


Hence 
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Hence it appears, that the at- 
tractive Power which ſuſtains the 
Water ariſes only from thoſe Parts 
of the Glaſs which are contiguous to 
the Surface of the elevated Water ; 
or more truly, from the Parts of a 
narrow Surface of the Glaſs, whoſe 
Edge touches the lower Sarface of 
the Water, and whoſe Height i is the 
ſmall given Diſtance to which the 
attractive Power with which Glaſs 


_ attracts Water reaches; and there- 


fore, the attractive Powers of the 
Glaſs Planes and ſmall Glaſs Pipe 
will be as 25 and p. Now the Pow- 
ers are as the Weights ſuſtained by 


them, that is, 2B. eiu 2 
 WhenceHD will be equal tos ; and 
when Di is equal 0 | H will be e- 
* to = 


One 
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One and the ſame ſmall Glaſs 
Pipe will ſuſtain different Weights 
of different Fluids, as a appears from 


this — 7 


1 Fluids. Heights Deas - | Weights. | 
5 . Inches. 5 
r . 19969 
ny Water p. 6. Sal Gem p. 4 | 1. 73]10921] 18893 
Water p. 6. Sal Gem p.5 [. 72[10642| 183044 
Water p. 8. Common Salt p. I I. 67110447 | 17446 
Water p. 6. rp. 1 1. 7110447 178644 
{| Spirit of Vitriol | x. 6311860 19331] 
German Spa- Water I 1. 7510111 176944 
Common Water cold II. 75 Too 1750 
| Common Water boiling hot 1. 64] 9781] 15040 
4 Good Blood 1. 64 T0400 17056] 
Serum of good Blood | 1- 6510300 16995 
Serum in a Dropſy I 1. 65]10171] 16782| 
r 3 | 1- 6010270 16432 
lia Ir. 54[ 10100] 155541 
] Milk of a Cow | 1. 4210279 14596| 
Gall of an Ox | 1- 2 10335 12402 
I Small Beer 1. 4410111 14559 
1 Cyder | 5 1. 3 10111 13144 1 
Rn 1. 2310279 12643 
Common Ale | 1. 2 10300 12360 
Red Wine 1. 15 9930] 11419 
Punch . J. 121005511261 
IJ Oil Olive | I q. 14] 9130 10408 | 
dil of Turpentine o. 81] 9244| 7487 
| Sal Volatile Olcoſum o. 84] 8774 7370] 
1 Brandy oe. 731 9320} 89908 
{| Spirir of Wine rectified o. 73] 8324 6076] 
Spirit of Harts-horn 5 44 9802] 14114 


1 
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In the firſt Column are the Names of 
the Fluids, in the ſecond the Heights 

to which they roſe in one and the 

ſame Glaſs Pipe, in the third the 

Denſities of the Fluids, and in the 
fourth the Weights ſuſtained by the 

| ſame Pipe. I obtained the Weights 
by multiplying the Heights into the 

Denſities. For the Weights of Cy- 

linders are as their Magnitudes and 


Dienſities taken together, or as their 


Heights and Denſities taken toge- 
ther if their Baſes be equal: But 
the Baſes of all the Cylinders of dif- 
ferent Fluids ſuſtained by one and 
the ſame Pipe are equal: And there- 
fore, the Weights of ſuch Cylinders ” 
are as their Heights and Denſi ties 
taken together. 

Hence it appears, that one and the 
ſame Glaſs Pipe attracts different Flu- 
ids with different Degrees of Force. 

It attracts Spirit of Vitriol more 
ſtrongly than Oil of Vitriol, Oil of 
 Virriol 
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Vitriol more ſtrongly than Water 
impregnated with Salt, Water im- 
pregnated with Sal Gem and Nitre 
more ſtrongly than common Water 
cold, common Water cold more 
ſtrongly than the Animal Fluids and | 
common Water made boiling hot, ö 

the Animal Fluids more ſtrongly 


than fermented Liquors, fermented | 


Liquors more ſtrongly than Oils, 
and Oils more ſtrongly than ard- a 
ent Spirits. 11 
Since the ſame Glaſs Pipe accents 
different Fluids with different De- 
grees of Force; it is evident, that 
it attracts the Parts of ſome Fluids 
more ſtrongly than thoſe of others; 
and by Conſequence, if equal Quan- 


tities of all the Fluids of this Table 4 


were mixed together, it would ſuck 
in different Parts of this heteroge- 
neous Fluid in different Proporti- 
ons. It would ſuck in more Parts 
of Water impregnated with Salt 

than 
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than of Oil or ardent Spirits. The 
Parts leaſt attracted would be dri- 
ven off, to make way for thoſe 
which are moſt attracted to enter 
into the Pipe; as in a Fluid where 
the Force of Gravity alone takes 
place the lighter Bodies are for- 
ced to aſcend, to make way for the 
Deſcent of Bodies which are hea- 
vier. 
dir Iſaac Newton 155 proved from 
Experiments, that the Particles of 
Light attract ardent Spirits and Oil 
more ſtrongly than Water: And by 
Conſequence, if we ſuppoſe a ſmall 
Pipe to be formed out of the Par- 
ticles of Light, and one End of it 
to be dipped into a heterogeneous 
Fluid formed out of equal Quanti- 
ties of all the Fluids of this Table in- 
timately mixed together; this Pipe 
would attract the Parts of Ol and 2M 
ardent Spirits more ſtrongly than ED 
thoſe of Water, and would ſuck in | 
H h more 1 
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more Parts of the two former than 
of the latter. The Fluid therefore 
drawn out of the heterogeneous Flu- 
id by this Pipe, would be different 
from the Fluid drawn out of it by 
a ſmall Glaſs Pipe; for two Fluids 
will be different, when they either 
conſiſt of different Parts, or of the 
ſame Parts mixed in different Pro- 
portions. b 3 
No ſince Pipes of different Na- 
tures muſt draw off different Fluids 
from one and the ſame heteroge- 
neous Fluid; it follows, that the 
ſecerning Pipes of the Glands, ac- 
cording to their different Natures 
and Diſpoſitions, ſuck in various 
Juices from the Blood, which is a 
heterogeneous Fluid conſiſting of 
a great Variety of Parts. And con- 


ſequently, the Propoſition is true. 


Propo- 
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. 
Propoſition XXXI. 


7 F Span Bodies heave the ſane | 
Number of F correſponding Glands, 
/ correſponding Glands have the ſame 
| MNumber of correſponding ſecerning 
Pipes ariſmg out of correſponding. 
 Blod-Veſſels, if the Lengths of cor- 
reſponding Pipes be as the Lengths of 
the Bodies, if the Bodies be Fane 1 | 
alike with reſpeci to the Horizon, their — 
Hearts be alike free from the 22 1 1 
ences of diſturbing Canſes, and their 9 
Blood be alike ſaturated with Parts i 
fit for Secretion ; the Quantities of = 
Humour dr charged by correſponding 2 
Glands in a grven Time, will be in | 
Ratios compounded of the . ſeſquiphe = # 
cate Natios of the Drameters of cor- | 
reſponding Blood-Veſſels and of the l 
Ade Ratios of the Forces which 1 
move the ſecerned Humours through 
H h 2 dene 
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correſponding ſecerning Pipes, direct. 
ty; and of the ſubduplicate Ratios of 
zhe Lengths of the Bodies, inverſiy. 
VZ, z denote the Quantities aiſchar- 
ged by Fw0 correſponding Glands in a 
groen Time; FP, f the Forces which 
move the Humour through two cor- 
reſponding ſecerning Pipes; D, d the 
Diameters of two correſponding Blood. 5 


Veſſels; and L, I zhe * of the 
Bodies ; 1 ſay, that 2 2 D . 


For, aww the Suppoſitions 5 
made in this Propoſition to be true, 
it is evident, that the Quantities of 


Humour diſcharged by correſpond- 
ing Glands in a given Time, will 
be as the Quantities diſcharged by 


any of their correſponding ſecern- 
ing Pipes in that Time: But the 


Quantities diſcharged by corre- 


ſponding ſecerning Pipes in a given 
Time, 
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Time, will be as the Squares of their 


Diameters and the Velocities of the 
Humour flowing thro' them taken 


together; or as the Squares of the 


Diameters of the Blood- Veſſels out 
of which the Pipes ariſe and the 


Velocities of the Humour flowing 
through the Pipes taken together, 


becauſe the Diameters of the Pipes 


are as the Diameters of the Blood- 


Veſſels out of which they ariſe; 
and the Velocities of the Humour 


Ys flowing thro? correſponding Pipes, 


will by Prop. 1. be in Ratios com- 
nowlded of the direct ſubduplicate 

Ratios of the Forces which move 
the Humour thro* them; and the 
inverſe ſubduplicate Ratios of the 


Diameters and of the Lengths of 
the Pipes, or of the Diameters of 
correſponding Blood-Veſſels and of 
the Lengths of the Bodies: And 
therefore, allowing the Suppoſiti- 


tions in this Propoſition, the Quan- 
ities 
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tities of Humour diſcharged by cor- 


reſponding Glands in a given Time, 


vill bein Ratios compounded of the 
duplicate Ratios of the Diameters of 

85 correſponding Blood-Veſſels and of | 
the ſubduplicateRatios of the Forces 
which move the Humour thro' cor- 

_ reſponding ſecerning Pipes, direct- 
ly; and of the ſubduplicate Ratios 

of the Diameters of correſponding 


Blood-Veſſels and of the Lengths 


of the Bodies, inverſly; that is, 


9 . F 4207 4 *N 1 2 
Z. 2 :DV 5- d *. But DV. 


* HDF. dv 1 And there. 


fore, Z. z:: D 4 * d 7 


Cor. 1. If this Propoſition be true, 


and if the moving Forces of corre- 
ſponding ſecerning Pipes be as their 
Diameters, or as the Diameters of 


correſponding Blood-Veſſels; the 
Quantities of Humour diſcharged 
Ws SS by 
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by correſponding Glands in a given 
Time, will be in Ratios compoun- 

e of the duplicate Ratios of the 

Diameters of correſponding Blood- 


Veſſels directly, and of the ſubdu- 
plicate Ratios of the Lengths of the 


Bodies inverſly. And the mean 1 

| Quantities of Humour diſcharged in = 
a given Time, will be in ſabduplicate qv 
Ratios of the Lengths of the „„ 
IF F, f D. d; then will Z.z: 23 — 
= And ſince by Cor. 4. Prop. = | 
the mean Diameters of correſpond- b f | 


ing Blood-Veflels of Bodies of dif- 
ferent Lengths, are in the ſubdu- 
plicate Ratios of the Lengths of 
the Bodies ; if D, d denote the 
| mean Diameters of correſponding 
Blood-Veſſels of Bodies of different 
| Lengths, and Z, 2 the mean Quan- 
tities of Humour diſcharged by cor- 
reſponding Glands i 9 Time; 
then Z. 2 : VL. VI. —— oo 
Ger. „ 


v5 "8 Tea of * 
Cor. 2. If this Propoſition be true, 


and if the moving Forces of corre- 
ſponding ſecerning Pipes be as the 
internal Surfaces of the Pipes, that 
is, as their Diameters and Lengths 


taken together, or as the Diameters 


of correſponding Blood-Veſſels and 
Lengths of the Bodies taken toge- 

: ther; the Quantities diſcharged by 

| correſponding Glands in a given 
Time, will be in the duplicate Ra- 
tios of the Diameters of correſpon- 
ding Blood-Veſſels. And the mean 
Quantities diſcharged by correſpon- 
ding Glands in a given Time will 

be as the Lengths of the Bodies. If 
F. f:: DL. dl; then will Z. 2:: D'. 
„ And; ſuppoſing B 
denote mean Diameters of corre- 
ſponding Blood-Veſſels of Bodies 

of different Lengths, and mean 
Quantities of Humour diſcharged 
by correſponding Glands in a given 
Time; then Z. 2 :: L. 
Cor. 


: 
9 
h 
\. 
* 
"I 


Veſſels; the 


And the mean 
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Cor. 3, If this Propoſition be true, 


| and if the moving Forces of cor- 
reſponding ſecerning Pipes be as the 
_ Capacities of the Pipes, or as the 
Capacities of correſponding Blood- 
Quantities of Humour 
diſcharged by correſponding Glands 
in a given Time, will be in Ratios 
compounded of the duplicate and 
ſubduplicate Ratios of the Diame- 
ters of correſponding Blood-Veſſels. 
Quantities of Hu- 
mour diſcharged by correſponding 
Glands in a given Time, will be in 
Ratios compounded of the ſimple 


and ſubquadruplicate Ratios of the 
Lengths of the Bodies. 


DL. dil; 


: denote mean Diameters of corre- 


3 ſponding Blood-Veſſels of Bodies 
of different Lengths, and mean 

Quantities of Humour diſcharged 
by Dh Glands 1 in a given 


Time : 


- 2 — 


If F. f:: 
then will Z. z :: DD. 
d. Vd. And ſuppoſing D, d, Z, z to 
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Time; then, ſince the mean Diame- 
E- ters of correſponding Blood-Veſ- 
I ſels of Bodies of different Lengths 


are in the ſubduplicate Ratios we 
the Lengths of the e Z. 2 5 


| EXE IF. 


4 4. If this Propoſition be true, 
| and if the moving Forces of corre- 
ſponding ſecerning Pipes be as the 
* Capacities of the Pipes, or as the 
Capacities of correſponding Blood- 
| Veſſels; the Sums of the Quanti- 
ties diſcharged by all the correſpond- 
Ing Glands, or any given Number of 
them, in a given Time, will be in 
Ratios compounded of the dupli- 
cate and ſubduplicate Ratios of the 
Diameters of correſponding Blood- 
Veſſels : For, ſince the Diſcharges. 
of any two correſponding Glands 
l are in theſeRatios; the Sum of the _ 
1 . Diſcharges of all the Glands, or of 
any 
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; any given Number of correſpond- 
ing Glands, will be in the ſame Ra- 
! tios. If S, s denote thoſe Sums, then 
S8 . s:: DVD. dd. And if S, s, D, d 
denote the mean Sums of the Diſ- 
charges in a given Time and 
mean Diameters of correſponding 
| Blood-Veſlels of Bodies of diffe- 
| rent Lengths, each Mean being ta- 
ken from a conſiderable Number of 
Bodies of the ſame Length; then, 
ſince the mean Diameters of corre- 
ſponding Blood-Veſſels are in the 
ſubduplicate Ratios of the Lengths 
olf the Bodies, S.s::+LxLf\lx1Þ, 
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i 


Of the e f Human Bodies. 


— 


1 


, 


 Propetiion 3 XXXII. 


T* H E Mean Qlaunirics if F vil : 


aud Diſcharges m a natural 
talen from all the Food aud 


4 2 es of a Month, are nearly 
eee”; in healthful Bodies. 


For I have found by ſtatical He 


_ periments, that tho' the Food and 
Diſcharges of healthful Bodies be 


rarely equal in ſingle Days ; yet the 


mean Quantities in a natural Day, 
taken from all the Food and Diſ- 
charges of a Month, are always _ 
nearly equal. And therefore, the 
Propoſition is true. 


Here it may be proper to take 
notice of three "Things, which by 
N Some 
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Some may be thought Objections 
againſt this Propoſitiuun. 
The f rſt is the Difference which 
has been found in the Weight of a 
grown healthful Body at different 
Seaſons of the Year. Sandlorius 
ſays, that temperate Bodies are three 
Pounds heavier in Winter than they 
are in Summer, and that the Augmen- 
tation and Diminution of Weight 
are made in Autumn and the Begin- 
ning of Summer. And in this Cli- 
mate I have found, that healthful 
Bodies are heavier in Winter than 4 
in Summer, and that they grow hea- 9 | 
vier in Autumn, and lighter again El 
in the Spring; but for want of a It 
ſufficient Number of Experiments, 
I have not been able to determine, 
how much grown healthful Bodies 
taken one with another are heavier 
in Winter than they are in Summer, 
They cannot be much heavier ; for 
I have obſerved, and the ſame ob- 
| tains 
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tains in Lalh, that any conſiderable 
| Increaſe of Weight made in a ſmall 


Compaſs of Time, is very apt to 


cauſe Diſeaſes. If we ſuppoſe Bodies 
to be four Averdupois Pounds hea- 
vier, and that they gain this Weight 
in Aatunm and loſe it in the Spring, 
in the Space of two Months; then 
the Food will exceed the Diſcharges = 
in Autumn and fall ſhort of them 
in the Spring, by an Ounce in a Day ; 
taking one Day with another: But 
an Ounce is ſo ſmall a Difference 
between the Food and Diſcharges 


in a natural Day, that they may be 
truly ſaid to be nearly equal in a 
grown healthful Body at all Seaſons 


of the Vear. 


The ſecond is the Change which 
is continually made in the Weight 
of a growing Body; but if we con- 


ſider the Quantity and Time of its 
Growth, we ſhall find its Food and 


Diſcharges in a natural Day to be 
| very 


8 I 520 : ; 8 . . 7 838 _ N " 2X g 1 i & [en Fun 682 
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very nearly equal. For if a Child 
when it is born weigh 12 Ponnds, 
and in twenty Years (which I ſhall 
ſuppoſe to be the Time of grow- 
ing) come to weigh 168 Pounds; 
the Food will exceed the Diſcharges 
in a natural Day, taking one Day of 
the whole Time of its Growth with 
another, by ſomething more than 
the third part of an Ounce. *Tis true 
a healthful Child from its feeding 
plentifully, ſleeping much, and want- 
ing Exerciſe, grows much more the 
firſt half Vear than it does after- 
wards in the ſame Compaſs of Time; 


and yet even then there is but lit- 


tle Difference between the Food and 
Diſcharges in a natural Day, taking 
one Day with another. For if its 
Weight when it is born be doubled 
in the firſt half Vear, the Food will 
exceed the Diſcharges by little more 
than an Ounce in a Day, taking one 
Day with another. Therefore the 


Food 
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Food and Diſcharges in a natural 
Day may be truly ſaid to be nearly 
equal in a healthful Body. 7 
The third is the great Change 
which we frequently ſee made in 
the Weights of grown Bodies in the 
Compaſs of a few Years; and yet 
if we conſider the Quantity of the 
Change, and the Time in which it 
is made; we ſhall find little Diffe- 
rence between the Food and Diſ- 
charges in a natural Day, taking 
one Day of that Time with another. 
For if a grown Body gain in Weight 


50 Pounds in five Vears Time, the 


Food will not exceed the Diſchar- 
ges by half an Ounce in a natural 
Day, —_ one Day of that whole 
| Time with another. 


\ Cor;-1; +I N, n 8 the mean 
8 of Food in a natural Day 
of two healthful Bodies, taken from 


their whole Quantities of Food in a 
Moath ; 
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| Month: and P, U, S, p, u, s the mean 
K Quantities of their Perſpiration, U- | | 
rine, and Stool, taken from the whole [ 
2 Quantities of thoſe Diſcharges in a — 
Month; then by this Propoſiti iron, „ 
4 N=P+U+S, —_ _—_———— ͤðͤv 
1 If a healthful Body at aal! 
' Seaſons of the Year take daily „ 
© fame Quantity of Food in eve- .. 
ry Month, taking one Day of the [| 
Month with another ; the daily um 1 
of the Diſcharges i in every Mont̃in,, 
taking one Day of the Month with — 
another, will be likewiſe nearly the — 
fſagme ar all Seaſons of the Year. And 1 
therefore, if either Perſpiration, U- Nd 
rine, or Stool be greater in ſome 1 
Months of the Year than in others; 
the Sum of the other two will be Is 
as much leſs : Otherwiſe the Sum of 
the three could not be given. | 
The Truth of theſe two Corolla- 1 
ries will appear from the tolloviog „ 
Table. 
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In April and May they were nearly 
equal, only Urine exceeded Perſpi- 
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This Table was made from a 


Courſe of Statical Experiments. The 
natural Day is divided into three 
Parts, Morning, Afternoon, and 

: Night; the Morning contains ſix 
Hours from eight to two, the Aﬀeer- 
noon ſix Hours from two to eight, 
and the Night the remaining twelve 
Hours. I obſerved the Food and the 
Diſcharges in theſe three Parts of 
the Day, every Day for eight Months 
together ; and with the Means tak- 
en from all the Food and all the 
Diſcharges in the ſeveral Months, 
I compoſed the Table: From which 
itt appears, 

Fit, That perſpiration and U- 
rine vary in their Quantities at dif- 
ferent Seaſons of the Vear, and that 


as one encreaſes the thor leflens. 


ration a little in April, and was ex- 


ceeded by it a little in May. In 


Kk 2 the 
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the three Summer Months, June, 
Juhu, and Augnſt, taken one with 
another, Perſpiration exceeded U- 
rine in the Proportion of about 5 
In Ofober and November they 
Ya nearly equal again, only U- 
rine exceeded Perſpiration a little 
in November. At the End of this 
Month I was interrupted, and hin- 


dered from carrying on the Expe- |. 


riments throughout the whole Year, 
as I at firſt intended; but I repeat- | 


ed them for about ten Days in col 


froſty Weather, and found that U- 
rine then exceeded Perſpiration as 
much as Perſpiration exceeded S 
rine in Summer. 
Secondly, That Stool is but a ſmall 
Diſcharge 995 compared with Per- 
ſpiration and Urine, and is but lit- 


tle influenced by the Seaſons of the | 


Year in healthful Bodies. It was a 


little larger 1 in May than i bs the = N 


other Months, from a gentle Diar- | _ 
Thea, 1 
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rhea, for about twenty Days in that 
Month. And it was a little leſs in 
Ofober and November, from the 
Quantity of Food being leſs in thoſe 
Months than in the others. 8 
Thirdly, That the daily Food and 
daily Diſchatges taken from all the 
Food and all the Diſcharges of a 
 Month,are nearly equal at all Seaſons 
of the Yearin healthful Bodies, only 
_ theDiſcharges fall alittle ſhort of the 
Food in Autumn, and exceed it a 
little in the Spring. The Difference 
between the Food and Diſcharges at 
theſe Seaſons ariſes, from Perſpira- 
tion being more Gim ned in Au- 
tumn by the Cold of the external 
Air, than Urine is increaſed; and 
more increaſed in the Spring by the 
Warmth of the Air, than Urine is 
diminiſhed. Peine takes up ſome 
Time at theſe Seaſons to have its 
Increaſe and Diminution made equal 


to the Diminution and Increaſe of 
* 
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Perſpiration. And hence it is that 
Bodies grow heavier in Autumn and 
lighter in the Spring ; and by Con- i 
ſequence, that they are a little hea- 19 
vier in Winter than they are in 
Summer. The Change of Weight Þ| 
in Spring and Autumn is not great 
| in healthful Bodies, and probably 4 
| does not exceed above three or four 
Pounds; for I have known an In- 
creaſe of five or ſix Pounds to have 
cauſed a Diſeaſe in the latter End : 
of Autumn: But an Increaſe of four F 
Pounds in two Months is at the + 
Rate only of about an Ounce in a [1 
Day: And the ſame Increaſe in three 
Months is at the Rate only of about 
two third Parts of an Ounce in a 1 
Day, taking one Day with ano- ] 
ther. = | 7 _ 


Pro- 1 


ANIMAL OE co NOMY, | "00g 


90% Den e Sets SD D 0 


— — — 


Propoſition XXXIIL 


Kt ng the ſame Things as are 
| ſuppoſed in the 3 1ſt Propoſi- 
tion and its zd Corollary; and that 
the Quantities di charged by Stool in 
a natural Day, taken from the whole 
i} Quantities of that Diſeharge in a 
Month, are in the ſame Proportion 
as zhe daily Diſcharges of other cor- 
- reſpouding land, taken from their 
'' whole Diſcharges in a Month; the 
[4 Sum of the Diſcharges by Perſpira- 
ion, Urime, and Stool in a natural 
= Day, zalen from their whole Quan- 
2 zities in a Month, will in healthful 55 
Bodlies of different Lengths be in Na- 
tios compounded of the duplicate and 
ſubduplicate Ratios of the Diameters 
of correſponding Blood-Veſſels, that 
5, PHURS, prone D'YD. d'vd. 
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For the Sums of Perſpiration and 
Urinein a natural Day, taken from 
their whole Quantities diſcharged in 
a Month, are in that Proportion by 
the 47h Corollary of the 3 1½ Propoſe 
tion And the Quantities diſcharged | 
by Stool in a natural ew, 1% 
from the, whole Quantities of that 
Diſcharge in a Month, are by Sup- 
| polition as the daily Diſcharges of 
| other correſponding Glands taken 
| from their whole Diſcharges in a 
Month: And therefore, the Sums of 
I the three Diſcharges in a natural 
Dap, taken from the wholes of their 
= reſpective Quantities in a Month, | 
wioͤll be in the ſame Proportion, that 4 
is, P+U+S. p+u+s:: DVD. d'vd. 
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Cor. 1. If the Diameters of cor- 
reſponding Blood-Veſſels be in the 
ſubduplicate Ratios of the Lengths 

of the Bodies; the Sums of the Quan 
tities of Perſpiration, Urine, and 
Ss Ex Stool 


= — — — 
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Stool diſcharged daily by healthful N 
Bodies of different Lengths, when 
each Quantity is taken from the 
| whole of that Diſcharge for a Month, 
will be in Ratios compoundeq; of the ; 
ſimple and ſubquadruplicatè Ratios 


of the Lengths of the Bodies. If D. 


i __ .I. Vl, then will P+U+S, ha | 


LxL*. Ib, 


S this Propoſition obtain in * 2 
| ful Bodies; then will this Corollary 
obtain, when the Diameters of cor- 
reſponding Blood-Veſſels are in the 
ſubduplicate Ratios of the Lengths 
of the Bodies. They are in this 
Proportion in perfectly regular and 
well - - proportioned Bodies, when 
they are ſituated alike with reſpect 
' to the Horizon, and their Hearts 
are free from the Influences of all 
diſturbing Cauſes; and the mean 
Diameters of correſponding Blood- 


Veſſels of all healthful Bodies of dif- 


7 


26 6 1 Treatiſe FF) the 


ferent en when each Mean 
is taken from the Diameters of thoſe 
Veſſels in a conſiderable Number of 

Bodies of each Length, are likewiſe 
in the ſame Proportion: And there- 
fore, if this Propaſition be true, the 
mean 'Sums of the Quantities of 
the Diſcharges in a natural Day of 
healthful Bodies of different Lengths, 


when the Quantity of each Diſ- 
charge is taken from its whole 
Quantity in a Month, will be in 


Ratios compounded fr, the ſi imple 
and ſubquadruplicate Ratios of the 


Lengths of the Bodies: But thoſe | 


Sums of the Diſcharges are equal to 


the mean Quantities of Food in a 
natural Day, taken from the whole 


Quantities of Food in a Month, by 


Cor. 1. Prop. 32: And by Conſe- 


quence, the mean Quantities of 


Food in a natural Day of healthful 


Bodies of two different Lengths, will 
be in Ratios com pounded of the ſim- 


ple 


of Lads A 2 US go! r 1 
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ple and ſubquadruplicate Ratios of 

theſe Lengths. This Proportion 

_ obtains nearly in the Royal and 
Bleu-Boys Haſpital. For upon in- 

quiring into their Food! found, that 


I ; 


taking one Day of the Week, and 
conſequently one Day of the Month, 
with another, the Quantities of 
Food taken daily by Bodies whoſe 
| Lengths are 69 and 54 Inches, are 
109 and 85: Averdupors Ounces: | 
But theſe Quantities of Food are 
nearly in Ratios compounded of the 
ſimple and ſubquadruplicate Ratios 
of the Lengths cf the Bodies; only 
the Food of the Boys compared with 
that of the Men, is greater than in 
this Proportion by about 5; Ounces 
in a Day; which may be owing to 


the Food of the Boys being ſome- 


thing more liquid than the Food of 
the Men, and to their uſing more 
Exerciſe. In the Food of the Boys, 
the liquid part is to the ſolid part a 

EINE o ee 


id eo WT WIT Oe mas en 
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13 more than 3 to 1; and in that | 
| of the Men, a little more than 25 
n to 1. 


2 2 . ” % "Rm 
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ö | The 8 Wil we, 
A Land of into the biqua ·tities of Fd 
the Bodies in drate Roots of [or Diſcharges 
Inches. the Lengths. in a natural | 
I ad 1 
FERC. 
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| 2097 | 116 | 
| 1988 109 
1891 | 103 = = 
1670 915 2 
| 1463 80 1 
r 
3 1 29 56: | 
| 382 | 48 | 
702 1 
„„ 
371 | 20 


| This Table in its third Column 
contains the mean Quantities of 


Food, or mean Quantities of the 1 
Diſchar 8 es, 
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Diſcharges, in a natural Day, of 
healthful Bodies of the Lengths ſet 
down in the firſt Column. Ten 
puted it by the ſecond Column, 
which contains the Products of the 
Lengths and biquadrate Roots of 
the Lengths of the Bodies, taking 
109 Averdupors Ounces as a proper 
Quantity of Food for well- propor- 
| tioned Bodies 69 Inches in Height, 
on Suppoſition that the liquid part 
of the Food to the ſolid is in the 
Proportion above-mentioned. The 
Food of very young Children, 
as being wholly liquid, ſhould be 
more than is aſſigned them by this 
Table; but what the exact Quan- 
tity is 1 know not for want of Ex- 
periments. 1 


$6. 0797 


Cor. 2. If this Propoſition 1 true, 

as it appears to be by the laſt Co- 
> rollary; the Sums of the Diſcharges 
by „ Urine, and Stool, 
DS 
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in a natural Day, taken from their 
whole Quantities in a Month, will 
in Bodies of equal Lengths bein 


Ratios. compounded of the ſimple 
and ſubquadruplicate Ratios of their 


Quantities of Blood. For the Squares 


of the Diameters of correſponding - 
Blood-Veſſels are as the Quanti- | 
ties of Blood in Bodies of equal 
Lengths, that is, D'. d': : Q. q; and 
the Square-Roots of the fame Dia- 
meters, are as the biquadrate Roots 
of the Quantities, that is, VD.vd:: | 
Q. q : And therefore, P+U+S. 


i QQ. qx q- 


For Inſtance, if che INI of 
Ried! in two healthful Bodies of the 


ſame Length be as 3 to 2, then 


P+U+S.p+u+s:: 39480. 23784. 


If the Length of the Bodies be ſix 
Feet, and 3 Quantity of Eood in 


a Day of that Body which has the 
greater 
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greater Quantity of Blood be 116 
Ounces; the Quantity of Food in 


a Day of the other my will be 


: about 70 Ounces. 


= 
Propoion XXXIV. Problem V. ; 
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0 determine the Proportion 1 

' which Perſpiration bears ib 1 
Pris: at different Seaſons of the 
Year, at different Times of the na- | 
rural Day, under different Kinds anus 
Degrees of Exerciſe, in Bodies of dif- 
ferent Ages, and Bodies which are 


nouriſhed by different Kinds of Food. 


19 - 
e 
3 


e 


I I. perſpiration with refpodk =: 1 
Vrine is greater in Summer tan 
in Winter. It was near three times 
as great in the Body from which 
the Table in p. 258 was made, and 
it is ef greater, tho* not in > 


the 1 
1% 
1 


| from the Obſervations I have made, 
| this 
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the ſame Proportion, in healthful 


Bodies. A warm Air warms the 
Skin and increaſes Perſpiration, and 
a cold Air cools the Skin and leſſens 
Perſpiration; but as Perſpiration in- 
creaſes or lefſens, Urine on the con- 
trary leſſens or increaſes by that 
Table. The Proportion of Per- 
Aſpiration to Urine is regulated by 
the Heat of the Skin; and as far as 
the Heat of the Skin is increaſed 
or leſſened by the Heat or Cold of 
the external Air, the Proportion of 
Perſpiration to Urine will be in- 
creaſed or leſſened by the Heat or 
Cold of the external Air. Accord- 
ingly, I have obſerv'd Perſpiration to 
have been only equal to, nay ſome- | 
times to have fallen ſhort of, Urine 
in the Summer-Time, in Bodies 
_ which have been little expoſed®to 
the Heat and Cold of the external 


Air. And as far, as I can judge 


8 
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this'ehiefly y happens i in Bodies whoſe 
3 Skins are tin cool by a ſpare 


Diet, of a' languid Motion or the 
Blood, or both. 


ll. Fibm the Table p. 258 it 
appears; that both Perſpiration and 
Urine are greater in the Afternoon 
than in the Morning, in the Day 
than in the Night. But as the Man 
from whom that Table was made, 
walked: ſome Hours every Day, and 
generally more in the Morning than 
in the Afternoon; we cannot from 
that Tabl ming theſe Diſchar- 
ges, and conſequently their Propor- 
tions to one another at different 
Times of the Day in Bodies which 
are at Reſt, That I might be ſa- 
tisfied of this, I took the Quantities 
ol Perſpiration and Urine diſchar- 
ged by two healthful Men B and D, 
in the ſeveral Hours of the Day for 
four Days together in very hot 

W KEI Weather, 


| 
| 
| 
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Weather, and with the mean Quan- 
tities of the Diſcharges in thoſe 
Hours, compoſed 1 the following Ta- 
| ble. . 


15 Perſpi. : 3 E. 


Hours. ration. Urine. ration. 
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B took 8 6 Ounces of Food in a Day, 
and D on y 63; They both eat their 
Breakfaſt 
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Breakfaſt at eight a Clock in the 


Morning, dined at two, and ſupped 


at eight at Night. It is to be ob- 
ſerved, that the Numbers corre- 
ſponding to the Hour 6 in the Mor- 
ning, are the mean Quantities of 
Perſpiration and Urine which were 
drawn off from the Blood in every 
Hour of the Night, taking one 
Hour with another. 


Setting aſide Exerciſe, and ſuppo- 


ſing the natural Day to be divided 
into three equal Parts, Morning, 
Afternoon,and Night, and the Mor- 
ning to begin at fix a Clock; the 


Quantities perſpired by B andD in 


the Morning, Afternoon,and Night, 


were nearly by this Table, 16, 20, 


13, and 13, 14, 16; and the Quan- 


tities of Urine made by theſe Bodies 


in the ſame On were nearly 9, 
15, 75 and 8, 859. The Proporti- 
ons of ene to Urine in theſe 


Times, were 177, 133, 200, in B; 
M m 2 and 
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wb 203 164, 177, in D. Hence we 
learn, that the Proportion of Per- 
ſpiration to Urine is greater in the 
Night when Bodies are at Reſt, than 
it is in the Day-time; that there is 

no great Difference in this Propor- 


tion in theſe Times, in Bodies which 


cat ſparingly and drink but little 
Wine, which was the Caſe of D; 

and that in Bodies which eat plen- 
tifully and drink Wine, this Pro- 
portion is often leſs in the After- 


noon than it is in the Morning, 


which was the Caſe of B. Wine 
in moſt Bodies increaſes the Diſ- 
charge by Urine; and as that Diſ- 
charge increaſes, this Proportion of 
Perſpiration to it will neceſſarily 
leſſen; unleſs Perſpiration be in- 
creaſth in the ſame Proportion as U- 
rine is increaſed, which I believe very > _ 
| ſeldom, if ever, happens. Hence re 


may judge of he Proportion of Per- 
{piration to Urine at different Times 
| of 
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of the natural Day, in Bodies which 
are at Reſt; and at the ſame time 
ſee, that notwithſtanding the Ine- 
qualities of this Proportion in dif- 
ferent Parts of the natural Day, the 
Proportion of Perſpiration to Urine 
in the whole natural Day, is near- 
ly the fame at the ſame Seaſon of 
the Year in healthful Bodies ; it was 
e 162 in B, and 168 in D. 


III. The proportion of Perſpi- 


ration to Urine, is increaſed by all | 
thoſe Exerciſes which increaſe the 
Motion of the Blood and warm the 


Skin. Two Men of nearly the ſame 


Height and Weight walked a Mile 


in half an Hour, and in that Time 
each perſpired about 33 Ounces, 
which is about three times as much 


as they ordinarily perſpire in the 
fame Time in the Heat of Summer 
without Exerciſe. This Degree of 
Exerciſe gave a glowing Warmth 


bo - 


278 A Treatiſe if the 
to the Skin, but did not make them 
ſwear, but would have cauſed a gen- 
tle breathing Sweat, had it been 
continued much longer. The ſame © 
Men walked above two Miles in half 
an Hour, and in that Time one per 
ſpired nine Ounces, and the other 
eight, which was abou eight times 
as much as they ordinarily perſpire 
in the ſame Time in the Heat of 
Summer without Exerciſe. This 
Degree of Exerciſe made them ſweat 
profuſely. A third Man, who was 
fat and much taller than either of 
the others, walked two Miles in 
half an Hour, and in that Time © 
perſpired thirteen Ounces anda 
half which was about nine times 
as much as his Summer's Perſpira- = 
tion in the ſame Time without 
| Exerciſe. And a Boy ſeven Years 
old, who without Exerciſe perſpired | 
half an Ounce in half an Hour in 


the Heat of Summer, by walking at 
ſuch 
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ſuch a Rate as gave a gentle Warmth 
to his Skin, but did not make him 


ſweat, NN about three times 
in the ſame Time. At the 


ing I have obſerved, that Urine has 


been increaſed as well as Perſpira- 
tion; but on continuing the Exer- 
ciſe, Urine in a very little Time 
has decreaſed again, and grown leſs 
than it was before the Exerciſe, by 
the large Diſcharge which was made 
by the Skin. If we ſuppoſe the 


Quantity of Urine not to be leflen- 
ed by Exerciſe, as it may not in 


Perſons Who by Drink ſupply the 


Loſs which is made by Perſpirati- 
on, then will the Proportion of Per- 


ge Urine be 6 to x „in Per- 


ſons who walk at ſuch a Rate as to 
give a plowing Warmth to their 

Skins, but not to cauſe Sweat, and 
16 to 1 in Perſons who walk at fuch 
a Rate as to ſweat profuſely, on 


Sup- 
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Suppoſ tion that the Propor tion of 


Perſpiration to Urine is 2 to 1 in 
The Exer- 


the Heat 6f Summer. 
ciſe of Riding increaſes Perſpirati- 
on, but neither ſo ſuddenly, nor in 


ſo great a Degree, as the Exerciſe of 
Walking, as appears from the fol?“ 
lowing Inſtance. A healthful Man 
upwards of ninety. Years of Age, 
who commonly without Exerciſe 
diſcharged four or five times as 


much by Urine as he did by Perſpi- 
ration, obſerved that in the Night, 
after riding ſeveral Hours the Day 


before, he always perfpired as much 


as he diſcharged by Urine. In this 

Caſe therefore, Perſpiration to' U- 

rine was increaſed by Riding in the 
5 WN of 4 or * £6 rl. 


IV. The Proportion of Perſpi- ; 
ration to Urine in Bodies of diffe- 
rent Ages will be greater or leſs, as 


the external Heat of the Body is 
greater 
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greater or leſs : But the external 

Heat of the Body is leſs in old Bo- 
dies than it is in others : And there- 
fore, the Proportion of Perſpiration 
to Urine will be leſs in old Bodies 


than -it is in others. In the old 


Man above-mentioned, this Pro- 
portion was leſs than in Bodies in 
the Vigour of their Age in the Heat 

of Summer, in the Proportion of 
to 8 or 10. e 


V. The proportion of Perſpira- 


tion to Urine in Bodies nouriſhed 
by different Kinds of Meats and 
Driaks will be greater or leſs, as 
taoſe Meats and Drinks are fitted 
to warm or cool the Skin by warm- 


ing or cooling the Blood, and in- 


creaſing or leſſening its Motion. As 


to Drinks, Water and watry Liquors 


drunk hot warm the Skin and in- 


creaſe Perſpiration ; and drunk cold 


they cool the Skin, and increaſe U- 


8 ATreatiſe of the 


rine. Three or four Quarts of Cha- 
Tybeate Waters will paſs off by U- 
rine in many Bodies in leſs than 
three Hours Time. Wine and other 
fermented Liquors drunk cold and 
in large Quantities frequently paſs 
off very quick by Urine, but not 
_ altogether ſo quick as cold Water; 
and drunk hot they increaſe Perſpi- 
ration, Water impregnated with 
Nitre is colder and more diuretick 
than plain Water. As to Meats, 
thoſe which are dry and warming in- 
_ creaſe Perſpiration ; and thoſe which 
are moiſt and cooling increaſe U- 
rine. Ripe Apples increaſe Per- 
| ſpiration, as appears from the fol- 
lowing Inſtance. The old Man a- 
bove- mentioned, whoſe Perſpirati- 
on in the eighty-ſixth Year of his 
Age, was not above ith part of his 
Urine, by eating three Quarters of 


a Pound of mellow Apples at Night 


with Bread, brought his Perſpirati- 3 
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on to be nearly equal to his Urine, 


| leſs only in the Proportion of 12 
to 16. That this Change in Per- 
ſpiration was owing to the Apples, 
appeared from hence, that on his 
leaving them off, his Perſpiration 
grew leſs, and returned to what it 
was before he began to eat them. 


From theſe Inſtances it appears, 
that the Proportion of Perſpiration 


to Urine is increaſed or leſſened by 


Meats and Drinks, as they increaſe 


the Blood. 


or leſſen the Heat and Motion of 
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Capacities of the two Foes are as the Capacities of the two Syſtems, 


#. 46. 1.12. f. the ſubduplicate, r. the inverſe ſubduplicate. 2. 48. I. 12. 


F. 1725 7. 17 . J. 19. f. 2062, 7. 1063. 2051. l, 13 14, 15. dale and | 
the Capacities of two correſponding Pipes, as the whole Capacities of 


che two dyſtems. P. 79. fo 35» 1. 37 · P. 93. l. 376. F. Tremor, r, Tre. 


mors. . 145. 7. 7. f. Heart, r. Hearts. p. 183.1. 12, after Wind, add, A 
the Degree of Heat in the Wind. f. r84, I. 23. f. be different, r. be gi 
ven. P. 227. l. 13. J. Mo- on, v. Motion. f. 119. f. Cor. 4. r. Cor. 3+ 


2. 132. l. wit, f. Prop. 12. r. Prop. T3. 


» Line 22 3. for, as often as there are | phy fical Points, read, for 
en. , yſical Point. Po 8. J. 6. F. if, 7. and. - 7. 10. 20. F. the Place, _ IP 
the Hole or Place. 2.14. l. 8. f. By, r. From. 2.17. l. 18. f. 12 to 17, 


7. 17 to 12. f. 35. l. 16. f. HS, v. 2 38. 0. 4, 3 6. dele and the 
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